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The  Retinal  Image, — Visual  aeuteness  is  measured  in  the  same  way  as 
the  tactile  Bensibility  isdetermintM], — Le^^  by  the  niiniiiiuin  distance  at  whieh 
two  sinml  tail  eons  impressions  give  ri:^  to  two  iiidejwiideut  sensations. 

The  power  of  distingiiishiog  two  separate  visual  sensations  requires  that 
either  or  both  impressions  sliall  \w  elearly  pereeivenL 

Illumination  of  one  single  retinal  element  may  be  |:>erc5eived^  and  the 
source  of  light  may  be  indetinitc^ly  small,  if  only  its  brightness  be  suffi- 
ciently great. 

The  projection  of  the  inuige  of  an  indefinitely  small  source  of  light  must 
at  least  be  of  a  size  equal  to  that  of  the  prcyeetion  of  one  retinal  element,  but, 
if  brightly  illuminated,  irradiation  will  give  rise  to  a  relatively  larger  retinal 
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image,  and,  eooBeqiiGntly,  to  a  correspondingly  larger  projection.  The  clear- 
ness of  j>ereeptioii  of  a  retinal  image  depends  on  the  numl»er  of  nerve-ele- 
ments involved.  It  seems  rational  to  express  the  size  of  eaeb  separate  image 
In  square  and  not  in  lineal  measure.  The  relative  distinctness  with  which  two 
points  or  disks  are  separately  dist'erned  depends  u{>on  the  distance  that  sepa- 
rates their  Minal  images, — ie.^  ujjou  the  rows  of  percipient  elements  which 
He  between  them,  Tliia  distance  represents  a  lineal  measure*  Between  two 
separately  distinguishable  images  tliere  must  Xye  at  least  a  space  equal  in  size 
to  that  of  the  projection  of  one  unilliiminated  percipient  element. 

The  distinction  of  two  retinal  images,  especially  if  they  be  separated  by 
an  appreciable  distance,  may  be  aided  by  movements  of  the  eye. 

For  clinical  purjHises,  lines  are  preierahle  to  jwints  or  small  disks  as 
objects  for  the  determination  of  visual  acuity.  Lines  provide  the  means 
of  determining  the  tionditions  of  perceptibility  over  a  greater  retinal  area^ 
and,  further,  it  is  easier  to  arrange  lines  in  complex  figures  than  it  is  to 
arrange  sets  of  points  in  the  same  manner. 

Two  lines  are  seen  as  separate  more  readily — i.e.,  with  a  shorter  inter- 
vening distance — than  two  points.  The  peixjeption  of  a  line  may  be  looked 
upon  as  resulting  from  the  perception  of  a  scries  of  simultaneous  stimula- 
tions. 

The  mosaic-like  arrangement  of  the  retinal  elements  makes  it  possible 
for  a  row  of  unilluminateil  or  feebly  illuminated  elements  to  occupy  the 
space  left  betwei^n  the  nearly  contiguous  images  of  two  lines. 

The  retinal  image  of  a  line  may  fall  at  some  places  upon  two  contiguous 
elements  and  at  other  places  on  only  one  element,  (fusing  the  lines  to  appear 
undulatcil  or  bcadt^l  in  slm|>e.'  Such  an  appenrauce  affords  the  indication 
that  the  limit  of  peroeptibility  has  been  reached. 

Three  jiai'allel  lines  of  equal  breadth,  separated  by  spaces  equal  to  the 
breadth  of  the  lines,  can  Ije  distingui^heil  under  a  visual  angle  of  five 
minutes.  Taking  the  distance  of  the  second  nodal  point  to  the  retina  as 
Hfteen  millimetres,  the  retinal  image  of  the  figure  would  have  a  diameter 
of  0,0215  millimetre,  or  0.0043  millimetre  for  each  line.  8iich  a  limit  for 
the  separation  of  two  retinal  images  seems  to  correspond  in  size  fairly  well 
with  that  of  the  retinal  elements.  Volkmann,  howe%^er,  has  shown  that 
retinal  imiigcs  are  apf)rtH.^iab!y  larger  than  as  above  calculated,  this  Ijcing 
dei>endent  upon  i mediation,  and,  ocuisequently,  that  the  correspondence 
between  I  lie  mcjLsurc  of  the  limit  in  question  and  the  size  of  the  retinal 
elements  would  eutiiil  a  greater  visual  angle. 

To  answer  Volkmann's  objection  it  is  merely  necessary  to  call  atten- 
tion to  Hense's  thtK>ry,  which  locates  the  prception  at  the  outer  divisions 
of  the  cones.  These,  accorfling  tf*  Max  Schnltze,  measure  only  0.001  mil- 
limetre. Our  knowledge  of  retinal  perception,  however,  is  not  sufficient 
to  enable  us,  a  pnori,  to  establish  an  anatomical  basis  upoa  which  to  fix 


^  H.  von  HelmhoUz,  Handbuch  der  phy«ialogisclien  Optik,  2te  Aufltige,  1887,  S.  259. 
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the  required  luioinuim  size  of  the  retinal  image.     On  the  other  band,  it 

may  be  said  that  the  minimum  visual  a  ogle  under  which  any  object  is  seen 

be  measured,  and  from  this  the  size  of  the  corresponding  retinal  image 

ly  be  calculated. 

The  Vimud  Angle. — For  the  determinatioD  of  visual  acuity  we  measure 

the  visual  angle  for  distaut  objects,  in  order  to  obviate  the  influeuoe  of  the 

power  of  acamiraodation  or  the  neoeBsity  for  glasses   for  focussing  near 

objects.     Another  advantage  of  this  method  of  determination  is  that  the 

larger  figures  used  as  distant  test-objects  are  more  easily  constructed  than 

the  small  ones  that  are  requk'ed  as  tests  for  shorter  distances.     Moreover, 

^      any  inawuracy  in  measuring  the  exact  distance  at  which  the  object  is  seen 

H      is  of  lass  importance  at  a  long  distance  than  it  is  at  a  short  one,     Conse- 

H      quently  tests  made  at  a  distance  are  in  all  respects  more  accurate  than  those 

H      made  at  short  distances. 

■^  As  the  most  suitable  objects  for  measuring  the  visual  angle  we  may 
^^Hplect  sets  of  three  parallel  lines  and  the  correspondingly  distinct  figures, 
^^^^hich  can  be  gefjmetrically  deduced  from  them.  These  fignres  should  l)e 
H  square,  measuring,  as  far  as  possible,  the  same,  both  vertically  and  horizon- 
H  tally,  and  having  intempaoes  equal  in  thickness  to  their  component  lines. 
Everything  which  might  facilitiite  guessing  at  the  shaj>eof  the  figures  must 
be  avoided  ;  it  is,  thereioR^  preierable  Uy  seletl  isolated  letters  or  figures, 
B      instead  of  groups  which  might  form  words  or  sigus. 

H  Where  the  acuity  of  vision  is  greatly  reduced,  so  that  the  \Hsual  angle 

B      under  which  objects  are  just  seen  is  ten  times  greater  than  normal,  it  is 

no  longer  possible  to  estimate  the  visual  acuity  with  the  same  precision.     A 

Pless  accurate  test  is  then  sufficient.  In  sucli  cases  we  may  with  advantage 
test  with  the  fingers  held  apart  against  a  black  background.  The  normal 
eye  can  count  the  number  of  fingers  held  in  this  way  at  al>out  sixty  metres' 
distance.  Movements  of  the  hand  made  in  front  of  a  black  surface  of  five 
times  its  extent  can  lie  seen  normally  at  a  distance  of  about  three  hundrt^d 
metres.  In  any  case  in  whi<*h  only  light-perception  is  retained  while  the 
recognition  of  form  is  lost,  the  visual  acuity  may  be  indicated  by  i,  oonv- 
sponding  to  a  visual  angle  oo. 

For  ordinary  purpijses  visual  tt^ts  are  made  with  aeries  of  letters  or 
fignres,  each  set  being  draw^n  to  a  definite  size.  The  distance  at  which 
the  individual  letters  or  figures  of  each  set  subtend  an  angle  of  five  minutes 
to  the  eye  is  marked, 

Qtuintitks  of  Test -Objects. — The  determination  of  the  visual  angle 
might  be  made  with  one  set  of  equal,  tolerably  large  letters  or  figures,  w^ere 
it  not  that  this  metho^l  would  suffer  from  the  inconvenience  that  in  the 
caae  of  shaip  sight  it  would  ijecome  net^essary  to  liave  the  means  uf  placing 
the  test-board  at  a  considemble  distance  from  the  patient,  W'hilst  with  a 
ibject  having  defective  vision  the  lx)artl  woukl  have  to  be  brought  so  near 
at  convergence  and  accommodation  would  cause  disturbing  influences. 
Although  the  better  plan  is  to  have  various  sets  of  letters  of  different  sizes 
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at  one's  disposal,  yet  experiem'e  has  ^liown  that  it  is  important  to  reduce 
the  letters  to  the  smalk^t  poi^sible  number*  It  usual ly  takes  time  and 
trouble  tc*  make  an  individual  with  defective  sight  uudei^staud  where  he 
ahould  begin  to  read,  unless  the  simplest  plan  be  adopted  of  having  him 
begin  by  reading  aloud  all  the  letter?!  of  tlie  test^board,  commencing  at 
tlie  largest  letter  and  proceeding  to  the  smaller  ones.  For  this  reason,  it 
is  desimble  not  to  have  any  more  lines  or  letters  than  are  absolutely  neces- 
sary. We  find  seven  lines  sufficient  for  the  purpose  if  we  do  not  insist 
upon  the  letters  Ijc^ing  read  from  one  invariable  distance. 

The  patient  is  placed  at  a  distance  ot*  five  or  six  metres  from  the  board^ 
and,  after  noting  the  smallest  letters  which  he  recognizes  at  that  distance, 
we  cause  him  to  move  farther  from  or  nearer  to  the  board,  so  as  to  get  the 
exact  distance  at  which  these  or  the  next  smaller  lines  remain  visible  to  him. 

Formula/or  the  Valur  of  Vmon, — ^The  acuity  of  vision  (v)  is  expi'essed 
as  the  reci|>rfcal  of  the  smallest  visual  angle  at  which  the  test-object  can 
be  distinctly  seen. 

We  measure  this  visual  angle  by  comparing  the  distance  (d)  at  which 
the  letters  are  just  seen,  divided  by  the  distance  (D)  at  which  they  subtend 

an  angle  of  five  minutes  to  the  eye.     t?  —  fc- 

The  five-rainute  angle  has  been  chosen  as  the  standard  scale,  because 
five  is  a  numl)er  which  correst>oncls  well  with  lines  and  letters  that  are 
divided  into  five  parts*  A  visual  angle  of  five  minutes  also  satisfies  most 
of  the  practical  reijuirements,  and  may,  consequently,  lie  looked  upon  as 
fairly  reprc^^utiug  the  average  of  normal  visual  acuitv.  This  angle  also 
represents  approximately  the  normal  acuity  of  vision  in  middle  life  and  with 
moderate  intensity  of  illumiuatitHi,  Yet  this  degree  of  acuity  must  in  no 
sense  be  lonketl  upon  as  a  maximum*  On  the  contrary,  every  normal  eye  in 
young  i>eople  and  under  favorable  conditions  of  illumination  may  lay  claim 
to  a  higher  acuity.  Under  the  liest  conditions  the  letters  may  even  he  recog- 
nized at  double  the  distanct^,  in  which  case,  however,  the  refpiirements  of 
seeing  each  tH>nBtituent  part  with  absolute  distinctness  are  not  complied  with* 

Hirschmann,^  who  at  the  suggestion  of  Helmholtz  made  accurate  re- 
searches to  determine  the  limit  at  w^hich  lines  are  discernible,  found  that 
under  the  most  favorable  eonditions  this  limit  corresponds  to  a  visual  angle 
of  fifty  seconds. 

Uhthoff '  determined  for  himself,  in  using  metal  ware  against  a  bright 
ground  under  the  best  circumstatices  that  he  could  obtain,  a  minimum 
visual  angle  of  55*2",  corresponding  to  a  retinal  image  having  a  diameter 
of  0.004  millimetre. 

The  equation  which  expresses  the  visual  acuity  in  the  form  17  =  ~ 


'  H.  von  HelmhoUa;,  lo€.  cit,  B.  260. 

'  Ubthofl',  Zeit£{.'brif1t  fur  Psycliolo^e  und  Pbyeiologie  der  SinBe«OT:^n&|  L  3,  S.  169; 
V.  Graefe'8  Archiv  fur  Oplitb*lmolagie,  zxxti.  L 
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is  only  strictly  applicable  so  long  as  the  same  test-objects  are  made  use  of 
for  determining  the  value  of  d,  a  fact  that  is  at  the  present  time  far  from 
being  universally  admitted. 

Since  the  introduction  of  the  more  rational  definition  of  visual  acuity^ 

as  expressed  by  the  formula  i;  =  — ,  numerous  modifications  of  test-types 

have  been  brought  forward.  Finer  types,  less  complicated  letters,  and 
forms  which  are  not  square  have  been  proposed ;  thus  losing  sight  of  the 
principle  which  is  particularly  insisted  upon, — ^viz.,  that  the  letters  should, 
as  far  as  possible,  possess  the  same  order  of  distinctness  as  our  three  equally 
thick  parallel  lines  with  equal  interspaces.  It  is  indeed  a  pity  that  it  ap- 
pears to  be  impossible  to  keep  to  one  uniform  scale  by  which  visual  acuity 
shall  be  tested. 

Just  as  formerly  every  town  and  province  desired  a  different  coinage 
and  standard  of  measurement,  so  it  appears  that  every  school  of  ophthal- 
mology must  boast  of  its  own  ophthalmoscope  and  its  own  visual  tests. 
The  number  of  "  new,"  "  improved,"  partly  copied  test-lettere  has  indeed 
reached  a  considerable  amount,  and  additions  are  constantly  being  made  to 
the  list,  most  of  which  are  not  reciprocally  comparable.     The  equation  V  = 

=-  is  threatened  with  the  loss  of  its  siguificance  when  easy  and  difficult 

test-objects  are  placed  side  by  side  and  are  indiscriminately  used. 

Even  in  making  use  of  the  same  optotypes  at  each  examination  it  is 
best  to  state  at  what  distance  and  with  what  number  of  the  letters  the  test 

has  been  made.     This  is  easily  done  by  leaving  the  fraction  —  unreduced. 

If,  for  instance,  we  have  v  =  ^y,  the  numerator  shows  that  the  test  has 
been  made  at  six  metres'  distance,  while  the  denominator  states  the  number 
of  type  on  the  test-board  which  has  been  recognized.  The  reduction  of 
this  fraction  to  a  decimal,  according  to  the  plan  introduced  by  Monoyer, 
is  unfortunately  followed  by  many,  and  has  become  popular.  Particularly 
is  this  the  case  in  Germany,  since  the  calculation  of  tiie  amount  of  compen- 
sation for  eye-accidents  has  been  based  on  this  principle. 

The  disadvantages  which  arise  from  the  reduction  of  the  actual  equa- 
tion j^  to  a  resultant  decimal  are,  first,  that  it  does  not  indicate  at  what 

distance  and  with  what  letters  the  test  has  been  made;  second,  as  a  rule, 
the  result  of  the  testing  is  limited  to  approximate  values,  in  consequence 
of  the  necessity  of  obtaining  round  numbers;  third,  it  requires  a  defi- 
nitely fixed  distance,  and  therefore  does  not  allow  the  interpolation  of 
intermediate  values  by  altering  the  distance  {d)  at  which  the  test-board  can 
be  seen;  and  fourth,  the  arithmetical  series  0.1,  0.2,  0.3, 
produce  a  wrong  impression  of  the  proportional  values  of  tir 
which  are  indicated  by  the  test.  The  intervals  are  too  p 
visual  angles,  and  too  small  for  the  higher  degrees  of 
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This  disproportion  becomes  obvious  if  we  look  at  the  seciuence  of 
objects  recjoired.  In  completing  the  series,  in  order  to  state  also  the  acuity 
of  vision  higher  than  1,  we  get  a  sequence  of  numbers  for  which  the  differ- 
ence becomes  barely  appreciable  (Leopold  Wc^iss*), 

To  be  seen  at  a  distance  of  six  metres  the  required  size  of  letters — i,c,, 
the  tangents  of  the  visual  angle — will  be  as  follows : 


MlUimetres. 

Millimetres. 

For  V  =  0,1 

.   .   .   .  87,266 

FortJ  =  1.1 

....     7.9266 

For  1^  =  0.2 

.   ,   ,   ,  4S.68S 

Forr^  1.2 

...   *     7-2722 

For  r  ==  as 

.   .   ,    .  89.089 

For  r  =  1.8 

,   ,   .   .     6.704 

For  V  =  0,4 

....  21.817 

Fori?^  1.4 

,   .   ,   .     6,2249 

For  V  — 0.6 

....  17.452 

For  V  =  1,6 

....     5,8177 

For  V  =  0,6 

....  14644 

Far  V  —  1,6 

....     5,464 

For  V  =  0,7 

....   12.465 

For  f  =  1,7 

....     6.134 

For  t?  =  0.8 

....  10.908 

For  V  =  LS 

....     4.848 

For  •  =  0.9 

,  .  ,   ,     9,687 

Forv  =  1,9 

....     4.593 

For  11=  h 

....     8.727 

For  V  =  2. 

....     4.363 

Sequefice  of  Trnt-Objeds, — If  a  complete  sequence  of  test-objects  be  r 
quired,  the  progression  should  he  a  ge^jmetrical  one. 

Green ^  and  Ewing,  of  St.  Louis,  have  published  a  series  of  test-letters] 
basetl  uiMjn  a  definite  geometrical  [irogression  {^t  =^  f\b  ==  .795  nearly)* 
They  thu.^  obtain  a  scale  in  which  the  intervals  are  all  equal.  The  numbers 
on  this  scale  are  approximately  50,  40,  32,  25,  20,  16,  12.5,  10.8,  6.25,  5. 
At  five  metres  eleven  different  degrees  of  acuity  can  thus  be  noted  in  terms 
which  are  obtained  by  retlueing  the  fractions  ^jy,  ^j^,  .....  ^, — viz.,  -j^, 
h  h  h  h  h  hh  h  1  I  o^.  i^  decimals,  0.1,  0.125,  0.16,  0.2,  0.25,  0.3, 
0,4,  0.5,  0.63,  0.8,  1,  The  same  steries  may  also  be  extended  to  include 
greater  or  less  degrees  of  visual  acuity  than  the  alx)ve. 

Vierordt*  has  suggestctl  that  it  might  be  better  to  express  the  visual 
acuity  as  inversely  proportional  to  the  surface  of  the  smallest  perceptible 
retinal  image* — i.e.,  to  the  tangent  square  of  the  smallest  perceptible  visual 
angle.  Accordingly,  instead  of  v  ^  |,  ^^  etc.,  we  should  write  v  ^=  J, 
-jlg-,  etc.  Where  one's  aim  is  to  note  the  brightness  or  color  of  the 
image,  it  seems  appn>priiite  to  determine  the  surface  by  square  measure; 
but,  looking  u|xm  the  visual  acuity  as  determined  by  the  recogniEable 
distance  which  separates  the  two  retinal  images,  as  first  proposed  by  Hooke 
in  1705,  we  should  continue,  contrary  to  Vierordt*s  proposal,  to  estimate 
the  visual  acuity  in  lineal  measure,  allowing  the  perceptibility  of  light 
and  color  to  l)e  reckoned  in  square  measure.  It  must  be  remarked,  how- 
ever, that,  as  regards  lx>th  lineal  and  square  measure,  the  perceptibility 
does  not  alter  in  strictly  direct  proportion  to  the  size  of  the  retinal  image, 


'  Sehproben  zur  Beatirarming  der  Sehscharfe  fur  die  Feme,  von  Dr.  Leopold  WeUi, 
Heidelberg,  1S95. 

'  TraoBactionfl  of  the  American  Ophthalmological  Society »  1868. 
»  AtMv  fur  Ophthalmologie,  ii.  1,  S.  163 ;  ibid.,  ii.  8,  S.  219. 
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88  the  ftinctional  value  of  tlie  retma  diminishes  from  the  ceuti^  to  the 
periphery. 

Visual  acuity,  Ije^sides  dopi^Ddiiig  iijion  the  integrity  of  the  retina,  is 
influenced  by  (1)  the  tmuspurenry  of  the  meilia ;  (2)  the  ink'n^^ity  of 
illumination ;  and  (3)  the  re(|uisite  jKa-fection  of  the  dioptrie  system  of 
tlie  eye. 

Injiiuvtce  of  Tramimrenctf  of  31filki, — Visual  acuity  is  diminished  by 
kss  of  transparency  in  the  nMnlia  of  the  eye.  Thid  loss  of  transpai-ency 
may  be  in  the  inner  layers  of  the  retina,  in  the  hyaloid  membrane,  in  the 
vitreous  humor,  in  the  lens,  in  the  pupil,  in  the  arpieous,  in  Descemet's 
membnine,  or  in  the  ctirnea.  Teni]x»rary  lowering  of  the  acuity  may  re- 
sult from  films  of  mucus,  etc.,  lying  on  tlie  surface  of  the  eornea. 

The  siirroundiug  air  also  is  by  uo  means  always  cfiually  transparent, 
and  for  this  I'eason  t*^f  is  not  necessarily  Ibund,  even  in-doors,  to  cor- 
respond to  r  ^^1^.  Aquei>us  vajior,  dust,  and  smoke  diminish  the  visual 
acuity  very  considerahly.  Olijects  seen  across  a  heatwl  surface  appear  dis- 
torted, whilst  tli*>se  seen  tliruij^^h  a  glass  wiritlow  appt^nr  indistinct,  owing 
to  al>sorpt!on  and  irregular  refraction  of  light. 

Infiaem*^  of  Illumination. — The  most  suitable  illumination  for  the  ex- 
amination of  visual  acuity  is  average  daylight,  or  ai-tifieial  light  of  about 
the  same  intensity.  lo  both  cases  the  surrounding  light  should  he  of  cor- 
resp<_>nding  intensity  to  that  by  which  the  test'-objects  are  illuminated. 
Not  ordy  the  al>solute  luteusity,  but  also  and  csj>etnally  the  state  of  a(hi[>- 
tation  of  the  eye  to  light,  determines  the  relative  influence  of  illumination. 
A  weak  illumination  is  darkness  to  an  eye  which  has  just  been  exposed  to 
strong  sunlight,  wliilnt  the  simic  illumiuatinn  may  appear  bright  to  an  eye 
that  has  been  adaptcni  for  the  dark.  For  complete  adaptation  to  take  place, 
an  eye  must  lie  exjKjseil  fiir  at  least  a  quarter  of  au  hour  to  the  same  in- 
tensity  of  illuminatittn  that  is  useil  during  testing.  It  is  neeessar)^  to 
avoid  contrasts  of  illnminafion  by  which  the  apparent  briglitness  is  altered, 
although  for  diflerenajs  of  intensity  whicli  fall  with  in  the  limits  of  oitlinary 
daylight  the  acuity  of  vision  remains  almost  the  same.  Strong  illumiua- 
tion  at  first  increases  visual  acuity,  but  btyond  a  certain  degiY?e  causes 
after-imagcrf,  dazzling,  and  irradiation,  so  that  the  iT^tinal  imager  become 
enlarged  and  confluent.  On  diminishing  the  illumiuation  beyond  a  cer- 
tain degree  of  intensity,  there  is  a  gradually  resulting  diminution  in  visual 
acuity. 

F^ed  of  Refradion^  AecoTtimodathnj  and  Glasses. — Full  visual  acuity 
must  be  looketl  ujx)n  as  that  whirlt  is  found  after  correction  of  any  ab- 
normality of  refraction.  If  the  test  be  made  with  the  parallel  lines,  the 
influenee  of  astigmatism  may  l)e  excluded  by  placing  the  Hues  in  the 
direction  in  which  they  are  most  distinctly  seen.  All  that  is  then 
neoessar}'  is  to  determine  the  spherical  glass  which  gives  the  best  distant 
vision. 

It  is  only  by  excluding  all  disturbances  caused  by  want  of  tmns- 
VOL.  If. -2 


» 


parency  or  by  aljiionoal  refraction  that  a  correct  conclusion  as  to  the  per- 
ceptive power  of  the  retiim  i-aii  l>e  ai"ri%^ed  at, 

Giraud-Teulon  has  pro(K>sed  to  cxehicJc  all  influence  of  refmctive 
errors  by  the  use  of  stenopieic  ai>ertures,  in  i>rdcr  to  avoid  the  effect  pro- 
dotxHl  by  glasses  on  the  size  of  the  retinal  images.  This  plan,  however, 
has  its  drawbacks,  as  tlje  stenupteic  uiK^'turca  shut  off  a  lar^c  amount  of 
light,  and,  besides,  clinically  it  is  most  desirable  to  a>mbine  tlie  determina- 
tion of  tlie  visual  acuity  with  that  uf  the  refmctioii. 

If  we  adhere  to  the  rule  of  testing  the  acuity  of  vision  at  a  distance,  we 
avoid  the  efiects  of  aceomraodation  or  of  glasses  upon  near  objects,  and  we 
have  only  to  corret^t  the  refraction.  Myopia  and  hy].>ermetroi»ia  alnKist 
always  de{>end  upun  alteration  in  the  length  of  the  axis  of  the  eye,  and  not 
uiM>n  change  in  the  i^fVaetive  media.  In  such  cases  the  size  of  the  ivtinal 
image,  in  applying  the  correcting  glasses,  will  lye  ecpial  to  that  found  in  em- 
metropic eyeSj  if  only  the  lenses  be  so  placed  as  to  coincide  with  the  anterior 
locus  of  the  eye. 

As  a  rule,  in  making  the  distant  vision  test  and  in  placing  the  glasses  at 
one  and  a  lialf  centimeti*es'  dlstanti?  in  front  of  the  eye  their  ciTtrt  on  the 
size  of  the  retinal  image  may  l»e  negleeted.  On  the  other  hand,  where  tbe 
error  of  refraction  depends  upon  abnormalities  in  the  retractive  media^  the 
c^jrreeting  glass  may  have  a  e<»nsiderablc  eftwt  on  the  size  of  the  retinal 
image.  This  is  chiefly  the  ciise  with  apliakia.  By  moving  tlie  glass  away 
from  the  eye  an  increase  of  refractive  power  is  obtained,  which  in  the  casei 
of  strong  lenses  is  sufficient  to  enable  an  individual  to  focus  alternately  for 
both  distant  and  near  objcets,  thus  sujiplying  the  want  of  accommodation  ; 
with  the  advantage,  mrire<:)vcr,  that  near  vision  is  facilitated  by  the  increase 
of  the  size  of  the  retinal  image. 

In  aphakia  the  length  of  the  visual  axis  remains  unchanged ;  the 
hypermetropia  ih,  tiierefore,  in  this  case  exclusively  a  refractive  change. 
Ihe  second  nodal  point  of  the  refractive  combination  of  the  correcting 
glass  and  tbe  eye  will  advanr'<\  and  the  rf'timil  image  will  enlarge,  the 
stronger  the  correcting  glass  and  the  farther  it  is  moved  in  front  of  the 
eye. 

If  the  correction  of  an  aphakic  eye  of  25.1  millimetres'  length  for  dis- 
tant vision  be  efik*ted  by  a  lens  of  ten  dioptei's'  strength  situate-d  ten  milli- 
metres in  front  of  tlie  eye,  the  focus  of  tiie  system  will  be  altered  i-espec- 
tivcly  to  one  huudn-d  and  eighteen,  sixty-three,  and  ibrty-seveu  centimeti^s 
by  incrc^ising  the  distance  between  the  lens  and  the  eye  to  twenty,  thirty, 
and  tbrty  millimetres. 

These  distances  can  be  readily  calculated  by  the  formula  for  the  car- 
dinal points  of  the  eye.     Tiie  distance  from  the  second  nodal  point  to  the 

retina  (r'O    is  easily  found,  whilst  the  proportion   —  gives  the  relative 

9 
sizes  of  the  images  of  the  corrected  ajihnkic  and  the  emmetropic  eye.     The 
accompanying  tables  show  the  results  of  calculation  for  the  aphakic  eye : 
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Distance  between 
&tid  eye. 


Dtstftoce    of   punctum 
remotuiD. 


Dlttance  Wtweeci  eec- 
Diid  nodal  point  *nd 
retlua. 

(>") 


Pro|iortloti  tkctweeti  the 
disUknccfl  from  nod&I 
|M;ljit  to  rtfUuft  In  em- 
meiropic  and  aphakic 
eye. 


Cp) 


In  apliakic  eye  of  H,  —  10  D  and  axis  =  25.1  millimetr 


10  millimetres. 

00 

20.9  millimetres. 

0.72 

20  raiUimetres. 

118  eentiraetres. 

23,5  millimetTes. 

0.64 

30  mi  t  limetres. 

63  centimetHJi. 

26.7  iiiiHimetres. 

0.66 

40  millimptres. 

47  ceotimetpefl. 

30     millimt^trefli. 

0.47 

In  aphduc  eye  of  H,  =  12  D  and  axia  =  28.9  millimetrefl : 


10  millimetres.       , 

00 

20.3  mi  Hi  metres. 

0.74 

20  iiiilli metres. 

88  centiiijotres. 

23.3  miilimetress. 

OM 

30  miliinietree. 

46  centimetres. 

27.6  milUmetrea. 

0.54 

40  millimetres. 

36  uentimetrea. 

32.9  millimetres. 

0.46 

In  aphakic  eye  of  H.  i=  15  D  and  axis  =  22.4  miUimetres : 


10  miilimetree. 

QD 

19.7  millimetres. 

0.76 

20  Diillimetres. 

51  centimetres. 

28.9  millimetres. 

,                 0.68 

30  millimetrea. 

33  centimetres. 

29.2  millimetres. 

0,61 

40  millimetres. 

25  oecti metres. 

87.0  millimetres. 

0.41 

In  aphakic  eye  of  H.  ^  20  D  iind  axis  ^=  19.9  millimetres : 


10  miUimetrea.       i 

00 

18.7  millimetres. 

0.80 

20  millimetrtts. 

82  centimetres. 

24.3  millimetres. 

0  63 

80  millimetres. 

21  centimetres. 

32.5  millimetres. 

0.46 

40  millimetres. 

17  eentimetn-a. 

46.7  millimetres. 

0.33 

I 


The  same  reaulta  are  shown  graplikally  in  Figs.  1  and  2.  The  ordi- 
nates  of  the  four  curves  give  the  distanfes  of  the  piinetiim  remotnm  from 
the  aphakie  eye.  It  will  be  seen  that  these  change  if  the  correcting  lens, 
ten  millimetres  in  front  of  the  eye,  be  gnidnally  removed  farther  down  the 
nose.  The  upjKT  curve  represents  this  for  a  ten-diopter  lens,  the  lower  lor 
one  of  twelve  dioptera*  strenj^th. 

From  these  curve?©  the  following  may  he  dedu(*e€l :  If  a  teu-diopter  lens 
placed  at  a  distance  of  ten  millimetres  from  the  apliakic  eye  eorret^ts  the 
eye  for  an  infinite  distance,  its  removal  tri  twenty-five  millimetres  will  cause 
the  eye  to  see  clearly  at  ei^lity-two  centimetres.  By  slowly  moving  the 
glass,  points  at  distances  intermediate  between  these  two  limits  will  succes- 
sively come  into  focus.  The  same  removal  of  a  twTlve-diopter  lens  will 
give  the  limits  of  distinct  vision  from  intijiity  up  to  fiffy-nine  centimetres, 
and  of  a  fifteen-cliopter  lens  from  infinity  up  to  thirty-nine  and  eight-tenths 
centimetres. 

In  Fig.  2  are  shown,  as  abscissie,  the  dioptric  values  of  the  leas  which 
placed  ten  millimetres  in  front  of  the  aphakic  eye  corrects  it  for  distant 
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visioD,     The  ordinateB  are  (in  bundi'edtbs)  the  corresponding  values  of  the 
fraction  ^^ .     We  thus  get,  a^  in  Fig,  1,  straight  lines  which  show  corre- 

spending  equal  increments  of  *^  for  equal  increments  of  diopters.      The 

r 

Upper  line  shows  the  value  of  *^^  for  a  distance  of  the  lens  from  the  eye 

of  ten    inilUmetres ;    those   following  designate   the  values  of  the   same 
fraction  for  distances  from  twenty  millimetres  to  forty  millimetres. 

From  this  graphic  representation  it  may,  for  instance,  be  seen  that  the 

value  of  *^  witli  a  lens  of  eleven  diopters  ten  millimetres  in  front  of  the 
r 

eye  is  0»03»  and  for  a  lens  of  tliiiieen  dioptcn^  twenty  millimetres  in  front 
of  the  eye  it  is  0.53,     The  lines  also  show  that  for  a  lens  of  twelve  and  a 

half  dioptars  the  valu^  of  ^^  will  change  from  0.74  to  0*636,  to  0,539, 

r 
and  to  0.45,  if  successi%'ely  it  should  occupy  a  jMisition  of  ten,  twenty,  thirty, 
and  foity  millimetres  in  front  of  the  eye. 

Id  correcting  astigmatism  by  cylindrical  lenses  the  second  nodal  jM)int 
of  the  combined  system  bec^imes  displaccil,  and  corrcs[>ondingly  also  the 
size  of  the  retinal  image  is  ditfereut  in  the  two  priuciiJal  nicridians  of  the 
eye.  An  astigmatic  individual  after  correction  thus  sees  images  differently 
from  an  erametnqjc,  and  in  a  still  more  altered  manner  from  that  In  w4iich 
he  himself  would  see  tlicm  without  the  use  of  a  corrct»tiug  Icus. 

Tests  for  Near  Vidmh — By  the  power  of  accommodation  tlie  jKJsition 
of  the  second  nodal  point  and,  tiicreforc,  the  size  of  the  rctiual  image  are 
alterocL  In  an  emmetropic  eye  fi>cussed  for  distance,  the  second  nodal 
point  lies  14.86  millimetres  in  front  of  the  retina.  If  the  eye  be  accom- 
m*xlatc*d  fnr  tliirteen  ccntimeti'cs  in  front  of  it,  this  distance  will  measure 
15.26  millimetres.  Much  gi-eatcr  is  the  alteration  of  this  distance  when 
in  pi-esbyopia  the  weakness  of  accommodation  is  supplemented  by  the  use 
of  lenses.  The  same  rules  as  have  been  shown  to  apply  to  aphakia  apply 
als(i  here  with  reference  to  the  displacement  of  the  second  nodal  point,  its 
depcndeuce  Ufron  tlie  sti-engtli  of  tlie  glass,  and  its  distant-e  from  the  eye. 
Where  strong  lenses  are  required,  tlieir  distance  from  the  eye  has  an  appre- 
ciable effect  on  the  size  of  the  retinal  image. 

Whilst  for  the  distant  test  we  have  given  the  preference  to  isolated  let- 
ters or  figurc^s,  for  near  examinatioui  on  the  contrary,  re^ading  tests  are  to 
be  ehi>scn.  These  arc  easily  obtiiinal>le  in  the  form  of  printed  ty\w,  and, 
as  more  especially  the  siiiallor  sizes  are  neix^^ry,  a  givM  variety  can  be  got 
within  a  nK>dcrate  CNjmpass.  By  causing  the  patient  to  read,  faults  and  in- 
accuracies will  readily  be  determintHl,  aud,  further,  the  time  rtquircd  to 
read  a  definite  amount  of  print  atlbi-ds  the  opi}<jrtunity  of  noticing  the 
reading  powers  of  the  patient,  thus  providing  an  additional  test  by  which 
to  judge  of  improvement  or  deterioration  in  the  visual  function.     In  cases 
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of  relative  seotonia  near  the  centre  of  the  field  of  visirm,  and  also  with  other 
disturhances,  the  test  of  faeility  in  reading  may  be  employed  to  advantage. 

Age  and  Vmon. — As  a  rule,  the  visual  acuity  remains  unaltered  up  to 
the  age  of  twenty* five  years.  After  that  time  it  slowly  and  i-egnlarly  di- 
miDishes,  as  has  been  demonstrated  by  tlie  result  of  exanii nations  made 
upon  a  large  number  of  individuals.  In  advanced  life  the  measure  of 
acuity  i?^  reduee<l  to  half  of  its  original.  Of  course  it  is  ne+'cssiiry  in  sueli 
examinations  to  exclude  all  patliologieal  processes.  Refractiou-anomaliea 
must  also  be  corrected. 

Corneal  proeesi^es  may  occur  which,  without  leaving  any  objective  trace^ 
produce  nevertheleiss  irregular  astigmatism,  which  can  onlj'  partially  be 
corrected  by  lenses.  In  the  interior  of  the  eye,  also,  processes  may  occur 
without  leaving  any  obvious  traces.  Consequently,  the  older  the  indi» 
vidnal  is,  the  greater  is  the  chance  that  some  such  cause  of  diminished 
visual  acuity  may  be  pi*esent. 

It  would  be  of  advantage  to  institute  in  established  clinics  a  aeries 
of  examinations  on  the  same  individuals,  Ijeginning  in  youtli. .  If  the  ex- 
amination be  accurate  and  all  conc<jmitant  circumstatjces  he  taken  into 
eonsideration,  the  numbers  available  for  statistics  need  not  l>e  numerous. 
Such  siTies  of  observations  are  not  yet  at  our  disposal,  but  it  is  desirable 
that  a  Ix^inning  upou  observations  of  this  kind  sliould  be  made. 

With  the  advance  of  age  decrease  in  the  transparency  of  the  media  and 
in  regularity  of  the  refractive  surfaces  takes  place.  Thus  is  well  shown  in 
the  arcus  senilis  of  the  c*)rnea,  and  in  the  increaseil  reflection  and  coloration 
of  the  lens,  which  in  more  advan*^e<l  subjecrts  are  so  cijnstant  iu  appearant^ 
that  they  may  almost  be  looked  upon  as  physiologicaL 

At  the  suggestion  of  Sattler,  determinations  of  the  eyesight  as  found  in 
old  age  have  been  made  on  an  elaborate  scale  by  Boerma  and  Wahher.* 
With  great  precision  the  eyes  were  previously  examined,  and,  as  iar  aa 
possible,  all  that  sho^vetl  abnormality  were  exclnd<xl. 

In  a  series  of  one  thousand  persons  six  hundi-ed  proved  to  be  unfit  for 
statistical  purposes;  the  remaining  four  hundred,  with  seven  hundred  and 
twenty-five  eyes,  were  used.  The  investigation  c^jnfirmetl  the  opinion  that 
eyesight  decreases  slowly  and  regularly  witli  increase  of  age. 

For  the  ages  of  forty,  fifty,  sixt}',  seventy,  and  eighty  years  they  found 
respectively  6.1,  5.98,  5.66,  5.21,  and  4.1  5,  as  the  distanoes  at  which  letters 
of  No,  6  of  the  anthor*s  optotypes  could  l^  recognizeii  Three  persons 
from  seventy-six  to  eighty  years  of  age  were  noted  as  having  an  eyesight 
of  more  than  f . 

Still  more  favorable  figures  have  been  obtainetl  by  Cohn.*  He  studied 
a  great  number  of  persons  alxjve  sixty  years  of  age  of  a  better  social  con- 


*  XJnU'rsuchuiigen  liber  dj»»  Abnahme  der  Sebficharfe  im  Altpr^  Bf>frmii  und  WaUheri 
idef  UniversitaU  Auicpnklinik,  Lcnpzig,  Archiv  fur  Ophthiilmologie,  xxxix,  2, 
»  Arcbiy  fur  Uphlhitlmc*lcigte,  rvii,  2,  S.  805  j  xi,  S.  326. 
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dition,  and  was  enabkd  to  exclude  with  greater  precLsion  all  disturbances 
whieh  were  not  to  Ije  included  under  the  normal  senile  phenomena* 
Moixiover,  whilst  Boerma  and  Walther  made  their  exujninations  upon 
prisoners  and  convalescents,  many  of  whom  had  |>asscd  indifierent  lives 
aii<l  were  addicted  to  t!ie  ahiise  of  alcohol,  Cohn  made  liis  studit*s  in  the 
healthy  country  of  Sehreibershau,  It  also  deserves  to  l>e  taken  into  con- 
sideration that  ColiD  made  his  observatiotis  during  clear  weather  anil  in 
tlie  u\}en  air,  where  the  pupils  necessarily  became  narrow.  The  concur- 
rence of  the  two  circumstances  narrow  pupils  and  bright  illumination  may 
explain  how  Cohn  st^^med  to  find  among  his  Schreihcrshan  |>eoj>le  in  old 
age  a  useful  amount  of  accommodation.  He  mentions  two  old  men,  above 
seventy  years  of  age,  botli  witli  slight  hyjiermeti'opia,  who  ix^ad  tyjK?  No. 
1 J  without  lenses.  This  cannot  very  well  be  iutcrpreted  otherwise  than  by 
myosis  and  strong  illumination.  He  stated  that  many  individuals  above 
seventy  years  under  these  eii'ciun stances  had  an  eyesiglit  of  f.  He  con- 
eludcil^  however,  that  a  great  imml>er  of  senile  eyes  would  have  to  be  ex- 
amined before  a  definite  law  for  the  diminution  of  eyesight  with  increase 
of  age  could  be  established. 

Very  early  in  life  the  power  of  at^ommodation  Ijcgins  to  diminish. 
With  this  diminution  thei*e  is  evidently  associate*:!  a  greater  ditfieolty  in 
rapid  and  accurate  application  of  the  accommtKlative  jx^wer  for  definite 
distances,  and,  fnrtlier^  if  astigmatism  exists,  there  will  be  less  rapidity  in 
successively  adjusting  the  vision  for  diffci-cut  meridians.  In  these  determi- 
nations it  is  imp3i*tant  to  consider  the  rapidity  of  visual  acuity. 

After  deducting  the  disturbing  influences  of  changes  in  the  refracting 
media^  the  remaining  acuity  of  visitiu  may  represent  the  amount  of  percep- 
tibility of  the  retina. 

The  term  **  visual  angle"  (anf/Hliis  trkorhs)  was  originally  employed 
by  Scheiner  in  160(1  He  spoke  of  two  visual  angles,  one  formtJ  by  two 
directional  extenial  lines  from  the  observid  object,  the  other  drawn  through 
the  point  of  rotation  and  formed  by  the  two  lines  of  fixation  by  which,  on 
movement  of  the  eye,  two  points  are  successively  viewed. 

The  determination  of  the  visual  angle  under  which  two  points  can  be 
separately  distinguished  was  first  made  in  astronomical  research, 

Hooke  (170,i)  cstablishrHl  the  fact  that  two  stars  are  in  no  case  sepa- 
rately visible  under  a  smaller  visual  angle  than  one-half  minute,  and  that 
for  most  eyes  an  angle  of  at  legist  one  minute  is  required  for  their  recogni- 
tit>n.  Stars,  however,  owing  to  their  feeble  lumincKsity  and  to  their  differ- 
ent brightnesses,  are  not  suitable  objects  for  such  observations.  Hooke's 
statements  have  been  repeated  from  a  physiological  stand-point  under  dif- 
ferent conditions  by  Hueck  with  black  points  on  white  paper ;  by  Aubert 
with  s<|uares  black  on  white  or  whiti?  on  black  ;  by  Job  Mayer,  Weber, 
and  Bergmann  with  parallel  Ibies ;  and  by  Helmholtz  witli  black  metal 
wires  looked  at  against  the  sky.  The  results  of  these  exi>eriments  are  far 
from  h>eing  uniform.      This  is  partly  owing  to  observational  differences, 
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Dot  Is  mainly  do[x*ndt'nt  uimjii  dkmmWavity  in  the  eyes  tested,  where  slight 
anomalies  at*  i-etmctioii  evidently  had  lieen  left  imoorrected. 

Review  of  Different  Test^T^pes, — For  clinif.'al  examination  reading- teiits 
have  lx*en  used,  Alfred  Smee*  gives  for  tliis  ohjeet  several  lines  of  differ- 
ent ly-r^izctl  print.  It  is  k^s  generally  kninvn  tliat  eleven  years  previonsly 
(1843)  there  was  publisher:]  by  Knchler,  of  Darmstadt,  **  Die  Schriftnum- 
merprobe  inr  Gesiclitsleidende.*'^  In  1855  Stellwag  von  Carion  addetl 
reading  type-s  tu  his  br»ok,^ 

As  a  practical  test,  the  Schrift43<mlen  of  Jaeger  have  found  favor*  They 
were  publishwl  in  Vienna  in  1854,  and  eonsistetl  of  twenty  diffei-ent  sizes 
of  reading  type  to  be  usal  for  testing  at  short  distances.  They  wcix?, 
however,  not  aeeompanied  by  any  indication  as  to  tlie  distance  at  which 
each  type  should  be  seen,  nor  was  there  any  reguhir  gradation  in  the  sizes 
of  ty|ie  employe<l, 

At  the  instance  of  v.  Graefe,  the  author  undertook  an  investigation 
with  the  object  of  determining  how  the  visual  acnity  might  be  tested  in  a 
more  systematic  manner.  As  the  result  of  a  series  of  experiments  and 
trials,  in  18G2  the  fii*st  etlition  of  tiie  author's  test-types  appeared.  These 
differ  in  many  resjie<^tc5  from  Jaeger *s  Sehriftscalen.  In  the  first  place,  they 
were  meant  to  be  us*;^  at  a  distance,  and  consist^Kl  princij*ally  of  a  series 
of  separate  letters  and  of  eon'esp<*ndingly  4listinct  tigiu-es.  Additional 
types  tor  reading  pnrpos*:^  were  addtxl.  Tlie  letters  and  figures  were 
made  s*|uare.  The  lines  and  interspaces  as  far  as  jwssible  were  alike,  and 
amounted  to  onc^fifth  nf  the  heitrht  of  the  letters.  The  c^instruedon  of  the 
letters  was  baseil  upon  that  of  the  tliree  parallel  lines  with  Bjnal  width  of 
lines  and  intersjiaees,  Ttie  sinijilest  figures  consisted  of  differently  di- 
rected series  of  three  lines,  of  which  tlie  length  €M:|uallpil  five  times  the 
thickness  of  each  line.  For  further  differentiation,  these  three  short  lines 
were  joined  together  at  one  end  by  an  etjually  thick  line.  As  this  served 
to  make  the  figures  less  distinguislialJe,  the  middle  line  was  shnrtentil  by 
one-fiflh  of  its  length.  For  the  letters  of  the  alphabet  the  sO'caile<l  Egyp- 
tian paragon  types  were  chosen.  In  these  each  stroke  is  ended  by  a  ti*ans- 
verse  stroke.  The  less  readily  distinguishable  letters  uf  the  alphalwt  were 
rejected.  Over  each  series  of  letters  uf  the  same  size  a  number  was  placed 
indicating  the  distance  (in  feet  or  metres)  at  which  the  lettei's  subtended  an 
angle  of  five  minutes.  In  calculating  the  size,  the  arc  and  not  the  tangent 
was  taken. 

The  Sehproben  of  Schweigger  consist  o£  a  large  collection  of  reading- 
tests  in  German  and  Latin  characters,  made  in  tlie  French,  German,  and 
English  languages.  In  addition  there  are  tables  of  single  letters,  approxi- 
mately corresponding  to  the  author's  optotyj>es.       It  nmst  be  mentioned 

*  The  Eye  in  Health  and  Diseaise,  1854,  p.  70. 

'  See  Scbinner's  Lehrt^  von  den  Refractions-  und  AecomniCKifitionB-Storungen  des 
Augei,  S.  46,  Berlin,  ISm. 

'  Accoininodatioii«^*Fehler  dee  AugeSi  1S55. 
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that  Schweigger  recommends  that  io  the  fraction  y.  another  value  should 

be  given  to  D,  in  orcler  to  exehide  the  influence  of  tlie  instability  of  the 
ilkniiination  at  difiereut  times.  **  Sometimes/*  he  says,  **  we  may  find  an 
apparent  improvement  in  patients,  which  in  reality  must  be  due  to  an  im* 
provement  in  the  weather.**  He  proponea  to  value  D  as  the  distance  at 
which  tlie  test-olyeets  are  di.SL»erneil  by  himself.  It  is  clear,  however,  that 
he  heix?with  intruiluces  another  factoPj  the  stability  of  which  is  not  abso- 
lutely beyond  doubt. 

Boetteher  *  has  intrtxluced  a  series  of  what  he  terms  geometrical  test- 
types.  In  addition  to  German  (Gotliie)  reading  tests^  these  contain  sets  of 
square  figures  wnth  a  notification  of  the  distance  at  which  the  figures  of 
each  size  may  be  ret'ogni/,cil  and  counted  by  a  normal  eye.  The  objection 
to  these  test'?  is  that  it  is  not  stated  w^hat  is  assumed  to  be  the  normal 
standard  of  vision. 

Sin  re  1869,  Burchardt^  has  recommended,  for  the  determination  of 
visual  aciiteness,  sets  of  dots,  the  diameters  of  which  are»  as  a  rule,  ec[ual 
to  the  reciprocals  of  the  distances  at  which  they  should  be  counted.  They 
are  intended  for  those  who  are  unable  to  read  or  who  are  unfamiliar  with 
Latin  ty|>e.  They  c^rrespcjud  in  shape  and  arrangement  with  those  that 
were  fii*st  ret^ommended  by  Striedi ngen.* 

To  meet  the  wishes  of  Deputy  Insi^ector-Geueral  Longmore,  similar 
disks  were  included  in  the  second  edition  of  Snellen  s  optotypes  (1862), 
which  was  prinkHj  for  the  use  of  the  Army  Medical  School  in  England. 
For  the  sake  of  coraiiarison  these  disks  were  printed  lx>th  in  black  on 
w4iite  and  in  white  on  black.  Though  tixe  dimensions  and  arrangement 
in  five-fold  squares  were  in  corres])ondenee  with  the  letters,  they  proved 
to  be  much  less  distinguishable,  and,  indeed,  hardly  oompamble  to  the 
standaixl  letter  and  figuits.  They  have  been  omitted  in  later  editions  and 
replaced  by  series  of  parallel  lines. 

The  author  acknowlKlgcs  the  suitability  of  Burchaixit's  dots  for  some 
comparative  ejtperiments,  but  for  clinical  use,  where  the  quickest  means  of 
noting  the  principal  fiinctions  of  sight  are  required,  preference  must  be 
given  to  letters  and  coriTsiKinding  figures. 

Points  and  dots  are  of  value  in  gauging  the  distinguishing  power 
of  small  retinal  areas.  Parallel  lines  permit  of  the  determination  of  the 
same  functional  activity  over  more  extendetl  portions  oi*  the  retina.  Com- 
plicated figures  provide  for  testing  the  more  CA>m[>lex  retinal  functions ; 
something  more  nt^rly  apjiroaehing  to  reading,  w^iicli  possesses  a  higher 
d^ree  of  psychical  signifitntion.     This  is  well  expressed  by  Burchardt : 
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*  G<5ometrjiiche  SehpiNibpn  znt  Beatimmung  der  Sehschtirfo  boi  FQiictioiiBprufungeii  de» 
Augeif  mit  be8f>nd*»r«r  Borucksstchtigung  der  Untorsuchung  Miliiarpflichtiger,  von  Dr, 
Boetteher,  Berlin,  1870^  Vcrlag  von  Herrmann  Peters. 

'  Berliner  Klinm'he  Woehensthrifl^  xlviiL 

•  Statistical  Sanitary  uiid  Medical  Keporta,  London,  1860. 
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"  The  recognition  of  lettem  is  not  a  sim]>le  and  dii^et  fmiotiou  of  sight ; 
it  involves  a  otmclusicm,  au  act  of  thought,  wbich  is  based  u\}Qn  uniting 
the  retinal  images  of  tlie  scpamte  parts  of  each  letter/' 

According  to  the  requirements  which  are  desired  for  tlie  determination 
of  vision,  it  beo<jmcs  nceej^sary  to  choose  as  tests,  first ,  eitlier  dolsor  parallel 
lilies,  then  figures  and  letters,  terminating  the  examination  with  reading 
tests.  The  la.st  mlitiou  of  Burcliatxlt  mntains,  in  addition  to  tlie  disks,  a 
set  of  reading  types,  w^iicli,  iio%vevcr,  do  not  occupy  a  prominent  place. 

A  still  more  elementary  visual  act  than  the  distinguishing  of  tw^o 
separate  jioint^  is  the  reeijguition  of  a  single  point  or  disk.  Guillery* 
has  recommended  this  as  the  simplest  means  of  determining  the  acuity  of 
vision,  and  gives  a  series  of  disks  of  different  sizes,  each  arranged  in  a 
separate  square^  the  requirement  of  the  test  l>eing  that  the  patient  has  to 
mention  in  what  part  of  the  square  the  disk  lies.  The  distinctness  and 
sharpness  of  ]>erception  ^vill  here  inereiise  with  the  size  of  the  image,  and, 
if  the  intensity  of  illumination  diniinislies  or  if  the  visual  acuity  decreases, 
a  retinal  image  of  greater  dimensions  wiW  be  ref^uired^ — that  is,  the  per- 
ception will  be  clearer  in  proportion  tti  the  number  of  uerve-elemeats 
involved  in  the  retinal  image. 

There  is  no  qot:^tion  here  of  distance^  and  certainly  in  this  case 
Vierordt's  priuciple,^  that  not  the  diameter  of  the  image  but  its  square  is 
to  be  taken,,  may  be  considered.  Just  as  with  the  color  and  brightness 
of  a  surface,  so  with  the  distinction  of  one  single  disk,  it  is  more  a  pho- 
toptrical  than  an  eidoptrical  fimction  :  it  is  the  brightness  and  not  the 
shape  that  has  here  to  be  considered.  The  disk  may  \ye  indefinitely  small 
if  only  the  light  be  sufficiently  strong. 

The  observation  of  one  disk  is  a  retinal  function  diflTerent  from  and 
more  restricted  than  tlie  dktinc-tion  of  two  pointSj  and  the  result  of  the  one 
does  not  directly  lead  to  a  conclusion  as  to  the  other.  In  oliscrving  a  row 
of  disks  at  gradually  increasing  distam^es — i*,^.,  under  a  dccreasitig  visual 
angle — the  distinguislmbility  of  the  lineal  distances  of  the  separate  figures 
sooner  reaches  the  limits  of  i>crceptihility  than  does  that  of  the  surface. 
The  row  of  disks  first  shows  a  Ix^aded  a}ipi?arauce,  and  at  a  greater  distance 
is  seen  a  diftusetl  line.  It  is  only  under  a  much  smaller  visual  angle  that 
tlie  image  totally  vanishes. 

The  greater  influence  of  differences  of  illumination  which  affects 
Guillery's  methfxl  of  measuring  the  acuteness  of  vision  has  made  it  less 
acceptable  for  clinical  employment.  His  tests  have  been  ext^cuted  with 
great  acc*uracy,  yet  the  distances  from  the  disks  to  the  edges  of  each  square 
are  unequal*  S<ime  of  tlioni  are  at  the  same  or  even  a  smaller  distance  from 
the  eilge  of  the  s^piare  than  the  diameter  of  a  disk,  and  these  merge  into 
the  edge  before  they  become  invisible.     Anotlier  objection  for  clinical  use 

*  JSehproben  zur  Bestimmung  der  Sebacbirfe,  von  Dr.  Guillery,  Stabarzt  in  Kdln,  18&1. 

*  Archiv  fur  Ophthalmologie>  ix.  1»  S.  163,  iii.  8.  229. 
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in  ilmt  iitii*(|ii(*fi(4t(l  iHH)])\(»  have  f^rcat  difficulty  in  noticing  the  limits  between 
iiiviMilfility  iiiiH  only  Hli^iit  |K*n;cption,  and  it  is  difficult  to  avoid  the  ^ects 
nf  iiiiiiKiniitioii.  (inillery  hiniHclf  makes  the  observation  that  the  relation 
lN«t  wii'ii  liiM  U*HiH  and  the;  letter-tests  is  not  equal  for  larger  and  for  smaller 
vIniiiiI  iin^li*H. 

Vnv  \\\v  rximiiniition  of  the  vision  of  school-children  Cohn  has  arranged 
thirty ^ix  nf  tin*  iiuthor'n  |J  fi^ircs  in  such  a  way  tliat  they  form  six  rows 
of  nix  ll^iiifH  rm«li,  IVoni  Iril  to  right  and  up  and  down.  This  allows  for 
toiir  tlitVi'h^itt.  <»rd('rH  of  HiiHM'Hsion  of  the  figures,  according  to  the  position  in 
wliloli  tltp  N<|imit«  Umnl  in  hung.  This  board  is  recommended  by  Cohn  as  a 
iiMHinN  «»i\inilging  tin*  lunount  of  illumination  of  a  room.  He  has  also  pub- 
lUhinl  **  tiiui^imivnt  t<»Ht-ty|WH."  *  Tht*^  are  similar  to  the  ordinary  test- 
tv|Hv*,  but  «ii*  printtnl  on  tnuis|>ttront  Ytayyer.  They  are  intended  to  be 
pliM^nl  U'tXMMMt  two  glass  ]miu's  and  hung  against  the  window,  so  as  to  be 
m\^\\  by  tvuusniitttHi  light.  This  arrangement  admits  also  of  the  types 
U*lug  n\>%^\\  MW\\\\  tVoni  a  mirmr,  as  lor  this  purpose  all  that  is  required 
i«  \\\  tuni  llu^  baok  surfiuv  Xk\  the  tW^ut  In  a  room  which  is  sufficiently 
U|{ht«'«(«  I  hi?*  umy  pi>»vo  i»f  s^>nu*  advantage,  but^  on  the  other  hand,  placing 
A  i^liout  with  tho  tmv  op|HV4ito  to  the  window,  or  even  to  a  mirror,  may 
mnuotiuu^  U^  n  disiulvautagt\ 

rrtag^M  *»  S^hpi>4vn»  w  luoh  art^  dixiii^tcJ  to  the  present  author,  are  simi- 
hw  to  tlu*  ori^iual  \*|M\*tyj^>k,  owvpt  that  iIk^  choice  of  letters  and  figures 
i*  \Ut\v»vul,  l.olhM'sot'  U>ss  distiiKniH^*!^  are  employed  by  him,  as  he  has 
Kvu  ^\ud^>)  b\  tlw  \U>*\iv  tv^ohisv^*  symuH^trk"iil  kfters  the  reflected  images 
wt'  \\h\sh  <^^v  tlh^  viu\o  a'*  tlnnr  dir<\t  iuvaa^^?^  in  order  that  they  may  be 
w^nI  \\\^h  xi  unrjNNr  u\  tho  t<\uh*  \\:ix  *s  i\>Jta*5  intnspdirent  binrd. 

\ ^l A vv  *  h,^x  xKa  iA>l  a  >^rh"s  of  Tx>t-lx<tvr?  uuKk  in  metrical  progres^on. 
nu\^*  AMWAv.)  ;^  >^'v\>fc  ,Nt*  A<;v^^  \xh\'h  ar^  ;:n:K>rr.:  with  the  authors  para- 
^;nn«  \\\s^  J'tv  xi^,vA*Vv  A'<UTs  d^:x'  l^^\^^>c>Jx\:,  irsd  fe*A  Wtter  occupies  a 
>^^,,•4^v  *-.\\4  \^^^k\l  v,^,  A  c?\vr,v:";.:rv  du:t;a^<  tVr  bvch  befeiht  and  breadth. 
\  \  isiNN<sv,:\  ,  ,  .xv\  :v.v  v:Nr.N:\i^  A".  a/^V  .c  vCj^r  =uaut»  at  the  appro- 
\v\*A^  s',  x^t'.sv.  tsx  .x^-^i  -,v,v<>i\v.v  v::>c^'cx>  tir^f  sir»  v>ra  jtwter  ai^le. 
t.^  AN^»*.  ^*  <vv  ,itxx  •/^tv^N'*^  \lv  rV.  V^*v,x  "-"'---^^  ^^  '^*'™  ckosen:  5, 

W  \  \  W  \  n\\  .<\  4.\  ^\  x\  c^-3^  >>  -icactsxi  Ae  following 
*^    .  ^x     •    X    V.  ),       ,    0   ^.  i.  ,*   ,\       W  --•rrd3^  c£  tie*  types  has 

\  »\    \\   '  x\  ■  »      'v'    '.•  o»4,»' A*  v';^.    '<Ma?«^w«rc  ^siC  sif  »K15  are 
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'*  On  a£xx)unt  of  tlie  good  execution  and  the  manifold  varieties  and  ar- 
rangement of  a  great  many  former  test-types  which  have  been  genemlly 
adopted,  it  seems  to  me  superfluous,  on  the  whole,  to  propose  any  substantial 
alterations/' 

In  addition  to  these,  a  long  series  of  modifications  of  different  kinds 
have  been  published,  of  some  of  which  it  will  suffice  to  mention  the  titles 
alone :  Galezowski,  **  Echelles  typographiqties  et  chromat!(|Ues,-^  Paris, 
18SJ4;  Lp  de  Wet^ker,  ^*  Eehelle  mtoique  pour  mcsorer  Faeuitij  visu- 
elle,"  Paris,  1877 ;  and  **  Einheitliche  Sehproben  xnr  Untersuchung  der 
Sehscharfe  in  der  Ferae  and  in  der  Nahe,  von  Dr.  Adolf  Steiger,*'  Bern^ 
1892. 

Both  de  Wecker  and  Steiger  recommend  boards  having  a  series  of  U- 
like  figures  printeil  upon  them.  As  the  distance  l:iet ween  the  lines  in  all 
of  these  figures  is  three  times  the  breadth  of  the  lines  themselves,  they  are 
much  more  easily  rec^i^gnized  than  the  three  jxirallel  lines. 

Lotz*  has  brought  out  a  series  of  types  which  consist  of  simple  figures 
of  different  shajies.  They  cannot,  hoAvever,  be  compared  with  the  stand- 
ard lines. 

Weiss  ^  has  an-anged  a  series  of  t^'pes.  These  correspond  with  the 
original  optotypies,  except  that  thk  series  is  more  complete.  This  is  done 
in  order  to  facilitate  the  dcterminatiyn  of  ef[ual  intervals  of  visual  acuity 
without  altering  the  distance  at  which  the  test  Ls  made.  Weiss  uses  in- 
tervals of  a  tenth,  although  he  disapproves  of  the  methml  of  demoting  the 
acuitj'  of  vision  in  decimal  fractions.  He  crmcludes  his  paper  on  the 
determinatii>n  of  vision  as  follows :  **  I  agree  with  those  w^ho  do  not 
express  the  result  of  the  visual  test  in  decimal  fractionSj  but  who  make  the 
numerator  refer  to  the  distance  at  wlitch  the  tests  have  been  mode,  and  the 
denominator  to  the  distance  at  whic^h  the  test^objocts  subtend  the  visual 
angle  of  five  minutes.  This  notation  gives  information  as  to  the  way  in 
which  the  test  has  been  conductai'* 

Wolff berg*s  tests*  contain,  jn  addition  to  reading  tyj>es,  ingenious 
figure.^  for  children,  and  boards  with  sets  of  letters  of  twelve  different  sizes. 
The  numbers  are  50,  30,  20,  15,  12,  10,  8,  6,  6,  4,  3,  2.  The  letters  are 
of  the  non -complicated  antifjue  shajie,  and  are  easier  to  recognize  than  the 
three  jmrallel  lines.  A  commendable  arrangement  is  that  he  gives  several 
sets  of  these  t^'jK's  containing  only  one  letter  of  each  size.  This  makes  the 
boards,  which  are  printi^l  un  linen,  more  portalile,  and,  what  is  of  more 
value,  the  small  number  of  letters  is  named  by  the  patient  in  much  less 


•  A.  LotK,  Bale,  1889,  Echelle*  inU'matioiiftles  h  signes  simplifi^  pour  I'exiiraen  de  la 
farce  visuelle  c^ntrale  chez  ka  illettr6a  et  les  enlanU,  d'apr^  le  principe  de  Snellen, 

•  Leopold  Weifis,  Heidelbergp  1B95,  Selipmben-Tafeln  scur  Bestimmung  der  Sehaeharfe 
fat  die  Fenie. 

•  Hr,  Dr.  Wolffberg's  Selxscharfeprobeo,  Bresku,  1S92  (gesetzlicli  geschiitsst). 
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time  than  can  be  done  where  the  series  is  more  extended,  quickness  being 
of  great  irajwrtaoeo  in  any  clinic. 

Straub'fi  **  proeflettei's'*  form  the  antithesis  of  Wolff berg*s  concise  system. 
This  series  is  arranged  esijecially  for  military  examinations,  and  consists  of 
three  maps,  eaeh  with  a  large  numlierof  letters  and  figures,  amounting  alto- 
gether to  four  huudrecf  and  twenty.  They  provide  well  for  the  requirement 
that  tlie  person  examine*!  shall  not  learn  the  letters  by  heart.  On  the  other 
hand,  they  have  the  disadvantav^^e  that  the  examiner  cannot  do  so  either ; 
cannot  control  the  aw'uracy  with  which  the  letters  are  named  without  him- 
self looking  at  them.  This  is  a  drawback  especially  if  be  wish^  at  the  same 
time  to  test  the  refraction  by  holding  different  glasses  in  front  of  the  eye, 

Jaeger's  S^jhriftscalen  consisted  of  a  very  complete  set  of  reading  testa 
printed  in  several  languages*  Unfortunately,  Jaeger  always  refused  ray 
request  that  he  should  indicate  for  each  number  the  distance  at  which  the 
prints  could  be  seen  under  a  visual  angle  of  ^vl'  minutes.  This  want  has  now 
been  supplied  by  Fuchs*  in  his  mwlified  edition  of  Jai'ger's  Schriilscaien, 

Nicati*  gives  a  set  of  five- fold  square  letters  according  to  the  expression 

V  —  ^»  to  be  seen  at  a  distaoce  of  three  and  a  half  metres.     The  distance 

of  three  and  a  half  metres  has  been  chosen  because  each  line  which  subtends 
an  angle  of  one  minute  at  tlmt  distance  is  very  nearly  ouc  millimetre  in 
breadth,  Besiiles  these  he  gives  a  s[>ecial  series  of  letters  which  are  based 
on  an  altogether  different  value  and  are  intended  to  express  what  he  calls 
'*  physiological  vision."  In  oppasition  to  the  physical  expression  of  vision 
as  inversely  projiortional  to  the  visual  angle,  he  dt^signates  physiohigical 
vision  as  a  series  of  values  based  upon  a  system  which  is  in  conformity 
with  Fechner's  psycho*physical  law.  His  values  representing  physiological 
vision  arc  brought  into  ac<xirdanoe  with  the  increase  which  takes  }>lace  in 
visual  acuity  witli  increasing  intensity  of  illumination.  Board  No,  6  con- 
tains a  series  of  ty|>e8  for  each  set  of  which  there  is  noted  the  minimum 
amount  of  light  wliich  the  normal  eye  requires  in  order  to  read  them  at 
tlie  indicated  distance.  The  tyi>es  increase  in  geometrical  progression, 
L^  =  1, 1,  J^  J,  •  ,  •  .  ,  while  at  the  same  time  his  proposed  eorresjionding 
values  of  physiological  vision  represent  an  arithmetical  progression :  1, 0.9, 

as,  0.7,  ..... 

If  an  undoubted  direct  K'lation  between  the  geometrical  increase  of 
light  and  the  arithmetical  values  of  Nicati's  scale  of  physiological  vision 
can  be  stated,  his  tc^t  will  permit  of  tlie  one  being  dtduced  frou^  the  other. 
Indeed,  lie  projM>ses  to  ajiply  his  scale  of  physiological  vision  to  photo- 
metric purp^ises.  From  the  amount  of  physiological  vision  he  infers  the 
relative  strength  of  illumination,  always,  however,  on  condition  that  the 


'  Le««prob<sii  fiir  die  Nihe.  Jaeger's  SchrifUcalen  raodiflcirt  von  Prof.  Dr.  E.  Fuclw, 
Wien,  1896. 

*  W.  NicAlii  Echelles  vUuellefl  et  leuis  applicatioaai  Paris,  1894. 
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observing  eye  be  normal,  emmetropic,  and  adapted  for  the  given  amount 
of  light  He  observes  that  tlie  use  of  one  eye  requires  double  the  illumi- 
nation that  is  necessary  for  the  use  of  both  eyes, — e,g.y  seeing  with  both 
eyes  is  equal,  from  this  physiological  point  of  view,  to  seeing  with  one 
eye  under  a  double  intensity  of  illumination.  His  assertions  seem  still 
to  call  for  experimental  confirmation.  Such  researches  are,  however,  not 
unattended  with  difficulty.  The  accurate  measure  of  illumination  &s  well 
as  that  of  the  limits  of  distinctness  requires  many  precautions  and  great 
care  in  order  to  avoid  obtaining  erroneous  results. 
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Cebtain  substances,  especially  some  alkaloids  derived  from  the  Sola- 
naoese,  have  the  power  of  producing  a  dilatation  of  the  pupil  {mifdriasis)^ 
and  hence  are  termed  mi/ffriaiic8.  At  the  same  time  they  act  upon  the 
ciliary  ImkIv,  diminishing  aod^  when  applied  io  sufficient  strength,  ojm- 
pletely  paralyzing  the  ix>wer  of  accommodation,  thus  rendering  the  eye 
for  some  time  unaheral>Iy  foeiisse<l  fur  the  iartliest  point.  If  there  has 
been  permanent  tension  of  accommodation,  it  gives  way  nntler  the  influence 
of  the  mydriatic,  and  the  farthest  point  of  distinct  vibiod  moves  farther 
from  the  eye  than  it  would  in  simple  relaxation  without  the  aid  of  such 
substances*^ 

Other  materials, — for  instance,  ejterine  and  pilocarpine^ — when  applied  to 
the  eye,  have  the  jK:)\vcr  of  diminishing  the  size  of  the  pupil  (i.e.,  of  pro- 
ducing myoms)^  and  hence  receive  the  niim(*  of  mj/otics.  They  also  aet  uj>on 
the  ciliary  muscles,  prtK luring  more  or  loss  spasm  of  the  accommodation. 
Unlike  that  of  the  mydriatics,  the  action  of  the  myotics  does  not  render  the 
pupil  immobile.  The  influence  of  light  on  the  size  of  the  pupil  does  not 
€ease  altogether ;  neither  is  tlie  aec^oramodative  power  paralyzed.  On  the 
contrary,  during  the  }ieriod  of  diminution  of  the  action  of  the  myotic,  the 
range  of  accommodation  is  absulutoly  increased,  the  influence  on  the  near 
point  being  greater  at  tlxat  time  than  on  the  far  point.^ 

The  usual  form  of  application  of  mydriatics  and  myotics  is  into  the  con- 
junctival sac  in  solution,  in  ointment,  or  in  gelatin  wafers  that  are  impreg- 
nated with  the  drug.  Most  of  these  drugs  l>eing  [loisonous,  great  care 
should  be  taken  not  to  apply  thcnj  too  freely  or  in  too  strong  solution.  If 
it  is  necessary  to  use  a  strong  solution,  it  is  advisable  to  close  the  canal icnli 
by  pressure,  so  as  to  prevent  tiie  drug  from  running  down  with  the  tears 
into  the  nose  and  thence  into  the  mucous  membranes  of  the  upper  intestinal 
tract,  where  it  can  be  mon;  rapidly  absorbed  into  the  circulatory  system. 

All  raydriati<]8  act  in  the  same  way.  They  differ  only  in  the  time  and 
in  the  strength  of  solution  which  are  rccpiired  to  produce  the  same  result. 
As  an  example  we  will  choose  atropine^  an  alkaloid  which  is  derived  from 

^  Bonders,  Anomalies  of  Aocommodatioa  and  Refmction  of  the  Eye,  p.  687, 
*  Donden,  loc.  cit.,  p.  613. 
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Atropa  Betkuionna^  and  which  has  been  thoroughly  iDvestigated  by  Don- 
ders  and  some  of  his  scholars.  It  m  the  oldest  mydriatic  known,  and  for 
a  long  time  was  the  only  reliable  one.  The  at^tion  of  belladonna  on  the 
pupil  is  spoken  of  by  van  Swieten/  Wells  ^  haB  studied  its  inilueuce  upon 
the  aceommodation*  The  eliemical  substance  to  which  these  actions  are 
due  was  not  known  until  1833,  when  Mein,  Geiger,  and  Hesse  determined 
it  to  be  an  alkaloid »  which  they  named  atropinum. 

Atropine  crystallizes?  fmm  alcoliol  in  the  form  of  needles  which  are 
soluble  in  tliree  hundred  i>art3  of  water.  With  acids  it  forms  salts  that  are 
more  soluble,  and  therefore  are  more  suitable  for  application.  Among 
these  salts  the  sulphate  is  the  one  that  is  most  commonly  employed. 

According  to  Donders,  one  drop  of  a  solution  of  one  part  of  sulphate 
of  atropine  in  one  hundi^ed  and  twenty  parts  of  water  is  sufficient  to  pro- 
duce the  full  eflbct 

Jaarsnm*  has  found  that  one  drop  of  a  solution  of  one  to  twelve  hundred 
paralyzetl  the  accommodation  for  twenty- four  hours.  Accortling  to  the 
same  author,  the  weakest  solution  tliat  is  able  to  produce  mydriasis  is  one 
to  eighty  tliousand.  Its  full  action  takes  plat^  one  hour  after  the  instil- 
lation of  the  drug,  and  lasts  twenty-four  hours.  It  must  be  obsen'-ed, 
however,  that  with  tliese  minimal  doses  we  refer  only  to  normal  eyes.  In 
case  of  inflararaatiou  or  spasm  of  accommodation  a  re|>eatc<l  instillation  of 
a  much  stronger  solution  often  proves  to  be  insufficient,  not  to  mention  the 
presence  of  synechiee,  in  which  case  full  dilatation  of  the  pupil  is  often 
impossible. 

Again,  its  iufluence  differs  in  various  individuals,  the  young,  upon 
account  of  the  thinness  of  their  eye-w^alls,  lietng  more  quickly  affected  tlian 
the  old.  In  some  animals^ — for  instance,  dogs  and  c^ts — its  action  on  the 
pupil  is  about  tlie  same  as  in  the  ease  of  man.  The  action  is  less  marked 
in  rabbits,  very  slight  in  birds,  just  perceptible  in  frogs,  and  scarcely  or 
not  at  all  noticeable  in  fishes. 

The  raotle  of  action  of  atropine  has  been  investigated  by  Donders  and 
de  Ruyter.  Independently  of  their  researches,  von  Graefe  arrived  at  the 
same  conclugion  that  they  did^ — viz.,  that  atropine  acts  on  the  eye  Itself, 
without  interference  with  the  centre  of  innervation. 

The  following  experiment*  have  oi^tablished  beyond  doubt  that  atropine 
applied  to  the  conjunctival  sac  passes  into  the  aqueous  humor,  and  that  the 
result  is  prfxluced  by  the  direct  action  of  the  drug  :  first,  removal  of  the 
outer  layers  of  the  cornea  hastens  the  action ;  second,  the  application,  con- 
fined to  the  cornea,  in  the  eyes  of  frogs  after  excision  of  the  heart  (so  as 
to  stop  the  circulation),  after  decapitation,  after  removal  of  the  brain  and 
tlie  spiual  cord,  and  even  after  oomplote  isolation  of  the  eyes,  produces 

*  Van  Swieten,  Comment  in  Boerliftvii  Aphorinmos,  t.  iii. 

*  Wells,  Philoeophical  TransBctions,  1811,  p.  378. 
»  Jiuirsma»  Thesis^  Leyden,  1880. 

*  Dondere,  ]oc»  cit,  p,  689, 
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distinct  dilatation  of  the  pupil  in  a  few  rainiites;  tliird,  a  trace  of  an 
extremely  dilute  solution  introduced  into  the  anterior  chamber  produces 
pupillar}^  dilatation  in  rabbits.  Finally,  after  repeated  instillations  into 
the  conjunct i%^al  sac  of  a  rabbit,  the  aqueous  humor  can  l>e  evacuated  and 
instilled  uiwn  the  cornea  of  another  rabbit,  producing  considerable  dilata- 
tion of  the  second  animal's  pupil,  Fn  a  similar  experiment  von  Graefe 
injected  the  aqueous  humur  into  the  anterior  chamber  of  the  animal. 
i  Dotiders  would  not  admit  that  atropine  acted  directly  upon  the  mus- 
cular fibre-cells,  as  he  believed  that  there  was  a  muscular  dilatator.  He 
thought  that  in  such  a  case  atropiuc  acted  upon  the  dilatator  muscle  in  the 
same  way  as  it  does  on  the  sphincter.  He  therefore  inferred  that  atropine 
acts  either  on  the  nerve-fibres  or  on  the  ganglionic  cells  in  the  eye. 

The  action  of  atropine,  however,  is  not  quite  independent  of  central 
inner\"ation.  If  division  of  the  sympathetic  nerve  has  previously  taken 
place,  the  pupil  on  the  same  side  is  not  so  fully  dilated  by  atropine  as  that 
on  the  undivided  opposite  side.  Moreover,  paralysis  aud  division  of  the 
trigeminal  nerve  have  no  influence  upon  the  action  of  the  drug. 

On  the  other  hand,  in  ease  of  complete  paralysis  of  the  oculo-motor 
nerve,  the  size  of  the  pupil  is  considerably  increased  when  atropine  is  used.^ 
After  removal  of  this  nerve  an  additional  dilatation  occurs  when  atropine 
IS  employed.  To  explain  this.  Bonders  has  assumed  that  in  addition  to  the 
jmralyzant  action  on  the  oculo-motor  nerve  there  is  a  stimulating  action  on 
the  symjmthetic. 

In  cases  of  atropine  dilatation,  an  additional  enlargement  of  the  pupil 
can  be  produced  by  the  instillation  of  cot^aine.  This  is  accomplishefl  by 
contraction  of  the  blood-vessels.'  On  the  other  hand,  dilatation  of  the 
pupil  produced  by  atropine  is  greatly  diminished  if  the  aqueous  humor  is 
alh*wed  to  escai)e  through  a  puncture  of  the  corner.  This  effect  is  mechanic 
I  cally  obtained  by  a  diminution  of  the  intranDcular  tension  and  a  filling  of 
the  blood-vessels  of  the  iris. 

According  to  Donders,  the  action  of  atropine  begins  within  fifteen  min- 
utes after  the  instillation  of  one  drop  of  a  solution  of  one  part  ttf  sulphate 
of  atropine  to  one  hunilrcd  and  twenty  parts  of  water  (four  grains  to  the 
fluidounce),  Tlie  mydriasis  is  the  firet  obvinus  result.  Tlie  dimiruition  of 
the  accommodatiou  begins  later.  Complete  act^^mmodativc  paralysis  occurs 
mucli  later.  The  mydriasis  attains  its  maximum  in  the  course  of  from 
twenty  to  twenty- five  minutes,  the  loss  of  accommodation  at  that  time 
being  hardly  noticeable.  Immediately  following  tliis  the  accommodative 
I>ower  rapidly  disii|»pears.  Subsequently  it  proceeds  slowly,  attaining  its 
maximum  loss  about  one  hundred  minutes  after  the  instillation.  At  this 
time  the  nearest  point  of  atvommodatiou  coincides  with  the  farthest  point, 
and  therefore  the  accommodative  loss  is  complete.     Total  paralysis  lasts 


Vol,  IL^3 


^  Ruete>  Kliniache  Bdtrage,  BraunHcbweiiJ,  1843> 

'  Fuvhs,  Lebrbuch  der  Augenheilkunde,  ISS9,  S.  286. 
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forty-two  hours.  After  tliis  the  pupil  becomes  somewhat  smaller^  and  a 
Hli^ht  amount  of  accommodation  returns.  At  first  the  power  of  accom- 
mcxlation  increases  rapidly  until  the  fourth  day,  but  it  is  not  perfectly 
rmionA  until  afler  the  eleventh  day. 

The  course  of  the  dilatation  of  the  pupil  and  the  d^ree  of  loss  of 
ttix!(imm<Mlation  are  more  clearly  shown  by  the  following  curves,  as  given 
by  I  )onderH  and  adapted  to  the  metrical  system  by  Landolt.^ 

'I'he  dilatation  \h  represented  by  the  line  ddd  in  the  lower  portion  of 
Fi^.  1.  On  the  horiz(mtal  line  aa'  the  minutes  are  indicated  aft>er  the 
iuHtillation,  whi(;h  took  place  at  0.  The  lengths  of  the  downward  ordinates 
giv(^  the  diameters  of  the  pupil  in  millimetres.     The  pupil  was  accurately 
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measured  at  short  intervals,  with  jx^rfeotly  ei|ual  illumination  of  the  eye, 
the  other  eye  Ixnng  oIosihI.  In  the  upjxT  [H>rtion  of  the  figure  the  influence 
of  the  drug  on  the  aixx)mnuxlation  is  n^pn^sontoil.  The  cnn-e  pppp  indi- 
cates the  course  of  the  near  jx>int  {punctum  proximum\  and  the  cur\'e  rrrr 
that  of  the  far  iK>int  {punctum  rcmoium\  The  figures  at  the  left  above 
zero  stand  for  diopters. 

Fig.  2,  in  which  the  horizontal  line  marks  in  days  the  total  duration  of 
the  change  of  the  pupil  and  of  the  aeeomnuKlation,  gives  the  diameters  of 
the  pupil  in  the  lower  jK>rtiou  and  the  eour^  of  the  punetum  proximum 
( pppp)  *"^  ^^  *^®  punctum  remotum  (rrrr)  in  the  upper  ix>rtion. 

The  curve  rrrr  being  above  the  zero  line  shows  that  the  jierson  upon 
whom  these  investigations  were  made  was  slightly  myopic.  It  shows 
:<"tu\vlv  auv  curvature,  as  is  usually  the  ease  in  myopic  and  emmetropic  eyesw 
lu  hvpt»rtuetrt>pic  eyes  it  principally  shows  that  the  fiir  point  moves  from 

I  Xmiti  complet  d'ophthalmologie,  de  Wecker  et  Landoh.  t.  iiL 
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the  eye  in  proportion  as  the  lat<?nt  hypermetrcn>ia  becomes  manifest  The 
line  pppp  consliuitly  louves  from  the  oye^  Ix^inuiiig  from  twelve  tu  eighteen 
minutes  after  the  instilhition,  till,  at  the  end  of  one  hundixxl  minutes,  p  oo- 
incides  with  r,  and,  therefore,  the  nmgf  of  aeco nun odat ion  equnls  zeru. 

t  Daring  these  exiJeriiDent^,  on  tlie  thiiti  and  succeed iiig  days,  when  the 

accommodation  began  to  retnrn,  hot  was  not  completely  rti^tored,  Douders 
observed  that  the  rehvtive  nin*?e  of  atvornniodatiou  was  similar  to  that  of 
myopes,  and  that  with  a  m<jderate  eonvergem*e  a  njmparativtly  i^nmll 
amount  of  aeeonimodation  eould  he  obtained,  ubjtrts  at  the  ^same  time 
appearing  to  be  much  smaller  (^mieropma  * ).  The  reai*«>n  for  this  w'as 
that  a  greater  effort  of  aeeominodation  wus  re^jnired,*  t^aumng  the  [mtient  to 


FlQ. 

2, 

'Z.      7 

^ 

P- 

^<  I 

p;   , 

s 

^ 

_ 

t^ 

^ 

^ 

— 

—4 

•— 

i 

-^ 

— - 

^ 

X   " 

i 

/ 

> 

yp 

^     2 

J 

f 

n 

I 

-K 

r- 

f* 

^-1 

^ 

^~ 

^ 

^ 

■^ 

^ 

^ 

~1 

^^ 

^^ 

^ 

^^ 

^_ 

^~ 

^~ 

^<1 

t 

j 

I 

^ 

* 

t 

1 

i 

I 

i 

1 

J 

1 

1 

1 

It 

lb 

' 

1 

-     2 

£- 

^     3  - 

^. 

£  •! 

^ 

^ 

-«^ 

.f 

1 

.*^ 

^*i 

^ 

■ 

1     7 

- 

j} 

^ 

-J 

— 

, 

*  ol 

^ 

^ 

-^ 

-*■ 

<    ^ 

M       *' 

imagine  tliat  objects  were  neixrer,  and,  as  the  visual  angle  had  not  l:M3C^mG 
greater,  they  were  supposed  to  l>e  smaller. 

Objects  also  appear  more  strunt^ly  ilhiminat*^!  to  tlie  atrophiizetl  eve 
than  to  the  felh>w-eye.  Thin  effi>et  can  be  l)fst  seen  by  placing  a  |)riBm 
before  one  eye,  so  as  to  obtain  double  images.  Again,  in  eon(Wf|nenee  of 
reflex  ac?tion,  the  pupil  of  the  eye  not  sii[»jet*ted  to  institlation  of  the  drug 
becomes  narrower  than  oiYlinary. 

Visual  disturbance  differs  aecorfling  to  the  refraction  of  the  eye.  On 
hypermetropes  the  drug  has  the  moet  unpleasant  effect,  as  Buch  subjects 

«  Dondetf,  Ned,  Lancet,  1861,  p  607, 

*  U.  Snellen  and  Redinifia*  hav^  found  that  it  is  not  the  effort  of  accommodfttion  by 
which  we  judge  of  diBtjinc«,  but  the  converijence,  which  ia  U*  a  ci^rt&m  degree  iiatnciated 
with  the  ftcconiTnodatioti.  Miempfiia  can  also  be  produced  bj  putting  prisrns  before  the 
ty^j  in  which  ca^e  onlj  a  greater  effort  of  accommodation  i»  required,  whereaa  the  ao- 
cofnmodation  remaina  unnltefed.     (Yerslag  Ned.  Gastbui»  v.  O^^glijden,  18Q5.) 
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cannot  see  disdnctly  at  a  distame  nor  doee  at  hand  withoQl  the  aid  of 
cooFez  lenses.  Myopes  €mn  ^S^dtngimh  leas  at  a  dtstanoe  than  maal, 
aoooffdiog  to  the  dilatation  of  tlie  pupil,  bnt  tbey  oomplain  leas,  as  they  can 
read  as  well  as  before  the  instiUatioa.  Kmiafiropcs  can  aee  at  a  distance, 
bat  reqaire  convex  glasses  for  near  vork. 

Any  mydriatic  solution — for  example,  atropine — instilled  into  the  con- 
junctival sac  is  carried  away  with  the  tears  into  the  nasal  cavity  and  tbenoe 
to  the  mnooos  membranes  of  the  upper  portion  of  the  digestive  tract  In 
tUb  way^  eqiecaally  after  prolonged  application,  it  may  produce  general 
dktQrfaoooea,  which  sometimes  assume  a  most  alarming  character,  and  may 
even  canse  the  death  of  the  patient.  (KugeL)  The  symptoms  of  general 
intoxication  are  dry  throat,  hurried  pulse,  giddiness,  and  weakncee  in  tbe 
lower  extremities,  followed  by  general  prostration.  In  order  to  avoid  tbese, 
it  is  well  to  close  the  canaliculi  by  pressure  of  the  finger,  or  to  hold  the 
patient*^  bead  on  one  side,  so  as  to  prevent  the  solution  from  ruuning  down 
with  tbe  tears  into  the  nose  during  the  time  of  instillation.  The  use  of 
too  strotig  solutions  should  also  be  avoided  ;  but  even  instillations  of 
weaker  ones  (0.1  to  0.4  per  oeut.)  are  said  to  be  sometimes  sufficient  to 
provoke  onpleasant  complications.  For  tbe  treatment  of  this  form  of 
intoxication y  subcutaneous  injections  of  morphine  (O.Ol  to  0.03  gramme) 
gre  recommended.  ( Kugel,  Hedler,  Beauvais.)  Pilocarpine  (0.02  gnuume) ' 
kaa  also  been  employed  for  the  same  purpose. 

One  of  the  ioconveniences  of  atropine  which  may  occur,  even  after  but 
a  few  instillations  of  the  drug,  is  an  affection  of  the  conjunctiva  known 
by  the  name  of  atropifmm.  The  ooudition  has  been  attributed  to  impurity 
of  the  drug,  to  its  acid  or  alkaline  reaction,  and  to  micro-organisms  grow- 
ing in  the  solution.  Whatever  the  cause  may  l>e,  it  is  advisable  to  add 
aome  boric  acid  to  the  solution^  to  use  fresh  solutions,  and  to  ascertain  by 
testing  with  litmus-paper  tliat  the  drug  is  neutral.  If  atropinism  has 
once  occurred,  the  drug  can  never  be  borne.  In  such  case  extract  of  bella- 
donna or  some  other  mydriatic  should  be  substituted.  Landult^  advises 
the  nae  of  salicylate  of  atropine^  because  it  keeps  longer  unchanged  than 
the  sulphate,     Petorelli  *  recommends  tlie  employment  of  nitro-atropine. 

In  Utrecht  the  writer  uses  atropine  iu  si>lution  of  one-half  per  cent., 
with  the  addition  of  boric  acid.  With  this  he  has  never  met  with  the 
least  general  disturbance  or  irritation  of  the  conjunctiva.  If  a  very  strong 
action  is  required,  a  one  per  cent,  solution  can  be  emphived.  In  most 
instances  repeated  instillations  of  the  half  per  cent,  strength  are  preferable. 

In  normal  eyes  atropine  hardly,  if  ever,  affects  the  intra-ocular  tension. 
In  glaucomatous  ones  it  may  produce  severe  attacks  of  glaucoma.*  Great 
care,  therefore,  should  be  taken  not  to  employ  atropine  too  freely  in  eyes 

1  Jahvh,  Elia.  MoostebL,  lSd2,  S.  82. 

'  Lmndohn  loc,  ctt. 

>  Petorellif  Cotnpte-rendQ  du  congr^^  mternat.  de  Milan^  188L 

*  ScbumAnti,  Ueber  den  HecbankmuB  der  Accominodjition,  Dresden »  18B8. 
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that  are  predisposed  to  glaucoma,  as  in  old  people  with  shallow  anterior 
chambers.  If  in  such  cases  a  dilatation  of  the  pupil  is  required  for  ex- 
amination purposes,  it  is  preferable  to  use  a  derivative  of  atropine, — viz., 
homatropine, — ^the  eflTect  of  which  lasts  a  much  shorter  time  and  is  easily 
overcome  by  myotics. 

Homatropine  is  obtained  as  an  oleaginous  liquid  by  the  action  of 
hydrochloric  acid  on  the  cyanate  of  tropine.  Kadenburg  has  succeeded 
in  making  the  same  substance  synthetically.  With  hydrobromic  acid 
the  drug  forms  a  readily  crystallizable  salt,  which  is  the  only  one  that  is 
used  in  ophthalmic  practice.  Its  effect  on  the  pupil  and  on  the  accommo- 
dation is  similar  to  that  of  atropine,  except  that  it  manifests  itself  more 
promptly  and  disappears  more  quickly.  The  drug,  therefore,  has  a  great 
advantage  over  atropine  in  those  cases  in  which  a  dilatation  of  the  pupil  is 
wanted  for  examining  the  crystalline  lens  or  the  fundus,^  or  in  which  the 
accommodation  momentarily  has  to  be  put  at  rest  for  testing  refraction.* 

Tweedy,  Schaefer,  and  Goetz,  who  have  investigated  the  action  of  this 
drug,  agree  that  one  drop  of  a  solution  of  one  to  one  hundred  and  twenty 
causes  full  dilatation  of  the  pupil  and  complete  paralysis  of  the  accommoda- 
tion, which  disappears  entirely  within  twenty-four  hours,  whereas  the  effect 
of  a  one-half  per  cent,  solution  of  atropine  lasts  at  least  seven  days.  Patients 
can  bear  homatropine  very  well,  and  there  is  no  serious  danger  of  constitu- 
tional disturbance.  The  drug  is  generally  employed  in  a  one  per  cent, 
solution,  one  drop  of  which  in  most  cases  gives  the  full  effect.  In  nearly 
all  instances,  even  if  there  is  strong  tension  of  accommodation,  three  instil- 
lations of  the  above  solution  at  intervals  of  five  to  ten  minutes  will  pro- 
duce a  complete  paralysis  of  the  accommodation  in  twenty  minutes  after 
the  last  instillation.  To  obtain  the  same  result,  Schell  used  a  three  per 
cent,  solution. 

Daiurine  is  an  alkaloid  found  by  Geiger  and  Hesse  in  the  leaves  and 
seeds  of  Datura  Stramonium.  Jaarsma '  has  investigated  its  action,  and 
has  found  that  the  weakest  solution  of  the  sulphate  capable  of  dilating  the 
pupil  was  one  to  one  hundred  and  sixty  thousand.  The  effect  lasted  about 
twenty-four  hours.  The  accommodation  became  paralyzed  after  instil- 
lation of  a  solution  of  one  to  two  thousand,  and  remained  so  for  twenty- 
four  hours.  In  all  other  respects  it  acted  like  atropine,  and,  in  fact,  it  has 
been  found  to  be  identical  with  that  drug. 

Dubomney  extracted  by  Gerard  and  Petit  from  Duboma  myoporoidesy 
is  a  most  powerful  mydriatic.  It  acts  much  more  energetically  and 
promptly  than  atropine,  but  its  effect  disappears  somewhat  sooner. 
Jaarsma^  found  that  an  extremely  diluted  solution  of  sulphate  of  duboi- 
sine  (one  in  one  million   two  hundred   thousand)  produced  mydriasis  in 

*  Oliver,  American  Journal  of  the  Medical  Sciences,  July,  1881. 
'  Risley,  Transactions  of  the  Amer.  Ophth.  Society,  1881. 

'  Jaarsma,  loc.  cit. 

*  Jaarsma,  loc.  cit. 
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8ev€fify-five  miiiiites.     A  solution  of  one  to  tliree  tboiisaDcJ  paralyzed 
accomraotlatioii  lor  twenty-four  hours, 

Set'ly/  using  a  one  to  ono  luuidrfd  aud  twenty  solutioo,  saw  its  eflkt 
occur  ID  from  four  to  seven  minutes.  The  eye  bore  tlie  duboisine  well,  but 
the  dru^i^  gave  rise  to  general  <listurbances.  On  i\m  account  he  rec?om- 
mends  the  use  of  weaker  s«>kiti*»na. 

Vierling'  states  that  the  ac*tion  of  duboisine  is  rouch  more  prompt 
than  that  of  other  niydriatit^.     The  sulphate  is  mostly  used  in  a  solution 
of  one  to  two  hundred  and  tifty  (two  grains  to  the  ounce).     lustillatious  ^ 
often  produce  smarting,  but  do  not  tmuse  such  severe  disturbances  of  the  ■ 
conjunctiva  as  atropine  sometimes  does.     On  the  other  hand,  the  drug  is 
more  apt  to  give  rise  to  geuciTil  disturbances,  and  therefore  has  no  great  __ 
advantages  over  atropine.  f 

Ifi/oscif(nnin*\  the  alkaloid  of  IItfot<ci/amtts  7ugei\  was  obtained  by  Geiger 
and  HeSvSe  in  1833.  Hi/oscine  seems  to  be  isomeric  with  it,  only  that  it 
ditlers  from  it  in  this  respect^  that  tlie  double  chloride  which  it  forms  with 
gold  is  less  soluble.  Kisley,^  ex|XMimenting  with  the  sulphate  of  hyo9C)'*fl 
amine,  found  that  one  drop  of  a  solution  of  one  to  three  hundred  para- 
lyzes the  aceomuioilation  during  jreventy-seven  to  one  hundivd  hours.  He 
thinks  it  preferable  to  duboisine,  as  being  less  dangerous  as  regards  general 
symptoms,  and  better  tlian  atro|>ine,  Ix-eause  of  its  more  prompt  action. 

Emmert  found  that  the  hydruehlorate  of  liyoscine  pre[)ai'ed  by  Merck 
acts  more  euergeticidly  than  atropine  or  even  than  dulxiisine,  a  solution  of 
one  to  one  thousand  being  sufficient  to  paralyze  the  accommodative  func- 
tions. He  also  thiuks  that  it  is  less  injurious  to  the  conjunctiva  and  to 
the  general  system.  On  this  point,  however,  Hirschberg*  and  Oliver*  do 
not  agree  with  him.     Cliche!  also  advises  caution  with  the  drug. 

Scopolamine,  the  alkaloid  of  Strtpolia  afmpokiejs,  intrtMluceil  into  oph- 
thalmology by  Raehlman,  is,  am>ixling  to  Schmidt*  and  I^Ierck,^  consideriKi 
to  be  identical  with  hyoscine.  Raclibium*  maintains  tliat  thedrug  is  differ- 
ent, and  tl»at  it  has  not  the  ill  effects  of  hyoscine.  Harvey  Smith  »  states 
that  scxipolamine,  even  in  a  one-fifth  to  one-tenth  per  cent,  sokition,  pro- 
duces toxic  eflei'ts.  It  is  advisalilc,  however,  not  to  use  it  too  freely,  espe- 
cially in  children.  Weaker  solutions  (less  than  one^half  jier  cent.)  do  not 
appear  to  l>e  so  darjgermis,  and  are  quite  efficient.  .Wordiug  to  Koeuig- 
Btcin,  even  a  solution  of  one  tn  one  thousarid  gives  the  full  effect.  The 
hydrobromic  salt  seems  to  be  prefemble  to  the  hydrochloric,  and  is  em- 
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»  Seely,  Archiv  t  Augenh,,  1879,  viiL  S.  247. 

«  Viewing,  Deut^ehmann'8  Bejtrage,  xiii.,  ig94 

>  Risley,  Trang.  Anier.  Ophth.  Soc.,  DeCTrnljer,  isoi, 

*  Hir^bb<*rs>  CentmU.Iatt  f.  pmkt,  Au^^^^nlieUk.,  1S8I 
»  Oliver,  Amer.  Journfil  of  the  Meclic»I  Scienoes.  1882 

•  Schniidt,  Arch,  d,  Phanii.,  l«94. 

7  Merck.  Bernht  uU-r  tlii^  Jahr  1891. 

»  Hun  ey  Smith.  New  Vork  Medical  Journal,  July^  y^^^ 
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ployed  in  solutions  of  one-tentli  to  one*fifth  per  anit*,  whidi  tire  €f]ual  iu 
action  to  one-half  aud  one  per  ct-nt,  solutions  of  atrophif .' 

Ephedrin,  i\m  alkaloid  of  Ephedni  vuff/nriii,  is  m  very  weak  mydriatic. 
KiBJiosuta  Mium  (Tokio)  foiuid  that  a  ton  per  cent,  solution  of  the  hydro- 
chloric salt  prfjduceil  mydriasis  in  from  forty  to  sixty  minutes  without 
atlk'tinjjj  the  ciliary  musc^ks,  Geppert  diseoverocl  that  a  cx^ralji nation  of 
ephtdriij  with  a  very  weak  solution  of  homatropiue  has  a  niuuh  greater 
effect  on  the  size  of  tlio  pnj)il  tliau  either  of  tlie  drugs  ust»d  separately. 
The  mydriasis  lasts  only  a  short  time,  and  the  aeeonimmlation  docs  not 
become  |)aralyzed.  This  combination,  themfore,  has  great  advantatjres  in 
those  cases  where  only  a  tcmp<>rary  dilatatiun  of  the  pupil  is  required  lor 
examining  the  media  and  the  j>eri|)liery  oi'  the  fimdus. 

Mtf(IniU(\A  sold  by  Jlcrck,^  is  composed  of  one  part  of  houiatropine  and 
one  hnndreil  parts  of  cphe<]riu»  Its  action  has  been  stmlitd  by  Oroeuouw*^ 
Acconling  to  this  author,  a  ten  i>er  cent,  solution  of  raydrin  produces  dila- 
tation of  the  pupil  in  eight  minuti^.  The  pupil  artains  its  maximum  size 
in  about  thirty  minutes.  At  this  period  the  size  of  the  pupil  is  between 
four  at^d  seven  millimetres,  which  in  most  cases  is  sufficient  for  ophthal- 
moscoine  examination.  After  twenty  minutes  the  dilatation  diminishes, 
and  in  from  four  to  six  hours  it  disappears  entirely. 

Gelsemine   is  a  resinous  substance   extracted  by  Worm  ley  from   Gel- 
If^mlum  sempervirem.     Its  action  has  Ijeen  investigated  by  Jaarsma,  who 
fbund  it  variable  in  its  effects.     It  readily  profluctYl  sym]>toras  of  genend 
disturbance,  and  is,  tliemfore,  unsuitable  for  practical  ai>pliration. 

Q^caine*  the  alkaloid  of  Ertfthfoxt/lon  Coca,  introduced  into  ophthalmic 
practice  by  Koller,*  is  a  most  valuable  ameslhetie,  but  as  a  mydjiatic  has 
little  value  when  employed  alone.  The  first  pre|>arations  of  this  drug 
seem  to  have  been  impure  and  not  fi-ee  from  other  alkaloids,  and  thci^ 
fore  often  had  a  marktHJ  infhienee  nn  the  pupil  and  accommodation,  The 
pure  drug  causes  only  a  relative  dilatation  of  tlic  pupil,  the  influence  of 
light  on  the  size  of  the  pupil  not  ceasing.  Faralysis  of  accommodation 
oecui*s  only  after  repcatwl  instillations  of  a  strong  solution,  and  very  soon 
passes  off.  The  other  properties  of  the  drug  are  not  favomlile  for  mydri- 
atic purposes ;  for  instance,  the  conjunctiva  and  cornea  become  dry,  and 
the  epithelium  is  easily  injnnxl.  It  is  advisable,  therefore,  to  bandage 
the  eye  or  to  apply  w*ct  compresses  after  using  the  dmg.  In  eimibi na- 
tion with  other  mydriatics  it  has  great  merits.     In  the  first  place,  it  prevents 


'  Vide  Oliver,  American  Journal  of  the  Medical  Sciences,  September,  1896. 
«  E.  Merck,  Bem-hte,  No.  119,  1895. 

*  Grcwnouw,  Deutsche  Med.  Wociienschnft,  No.  15,  1895. 

*  KoUer,  Wiener  Med.  Woclnms.,  1884,  and  Heidelberg  t>pbtb.  Ge^elbclmft,  Bepiera- 
1884.     H.  Knapp,  Medicnl  Record,  Ortober.  1884.     Liind.>lt,  Aivhives  d'Oplrtli.,  No* 

Vi  1884.     Emmertt  Correspondenz-Blntt  ftir  Schweizer  Aerate,  Mnj,  1886«     KejBer^ 
iitic  Gazette,  1886,     Eversbusch,  Aerzlb  lDi*:'llig.*Blatt,  1886. 

*  Koller,  loc-  cit 
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irritation  of  the  coDJunctiva  and  hypersecretion  of  tears,  and  it  fiunlitates 
the  absorption  of  the  combined  mydriatic ;  in  the  second  place,  it  produces 
an  additional  dilatation,  even  when  the  pupil  is  dilated  to  the  utmost  that 
can  be  accomplished  by  atropine. 

The  hydrochloric  salt  is  the  most  commonly  employed,  in  solution 
of  from  two  to  five  per  cent.  A  few  drops  of  this  solution  suffice  to  render 
the  cornea  ansesthetic  witiiiu  five  minutes.  For  anaesthesia  of  the  iris, 
repeated  instillations  during  from  twenty  to  thirty  minutes  are  necessary. 

If  a  mydriatic  is  employed  for  the  purpose  of  examination,  mydrin  often 
proves  sufficient;  if  not,  a  weak  solution  of  homatropine  can  be  used. 
In  order  to  set  the  accommodation  at  rest  for  testing  refractive  errors, 
three  or  four  instillations  of  a  one  per  cent,  solution  of  homatropine  gen- 
erally are  efficient.  Casey  A.  Wood^  recommends  a  combination  of 
homatropine  and  cocaine  in  gelatin  disks. 

In  cases  of  spasm  of  accommodation,  where  a  stronger  mydriatic  is 
required,  duboisine  or  scopolamine  or  hyoscine  is  recommended ;  but  for 
protracted  use,  as  in  inflammatory  cases,  atropine  is  more  suitable,  as  it 
keeps  the  pupil  and  accommodation  longer  under  control  and  is  leas 
dangerous  than  the  other  mydriatics. 

MYOTICS. 

Myotics  are  those  substances  whicli  are  capable  of  producing  a  narrow- 
ing of  the  pupil  {myosia).  If  employed  in  sufficient  strength,  they  act  at 
the  same  time  on  the  ciliary  body,  producing  sprism  of  the  accommodation. 

Those  derived  from  the  Calabar  bean  (the  fruit  of  Phyaodigma  vene- 
noaum  [Balfour],  belonging  to  the  Leguminosse)  are  the  most  powerful. 

The  action  of  the  alcoholic  extract  of  Calabar  bean  on  the  pupil  was 
discovered  by  Fruser  in  1862 ;  that  on  the  accommodation  by  Argyll-Rob- 
ertson in  1863,  who  introduced  this  drug  into  ophthalmology.  Among  the 
investigations  as  to  the  action  of  this  myotic,  we  quote,  in  the  first  place, 
those  of  Donders  and  Hanier.* 

In  1863,  Jobst  and  Hesse  discovered  an  alkaloid  of  the  Calabar  bean 
which  had  the  same  myotic  power  as  the  extract ;  this  they  named  physo- 
siigmine,  Yde  and  Loven  also  obtained  an  alkaloid  which  was  named  eserine. 
Those  two  alkaloids  have  later  been  found  to  be  identical.  Another  alka- 
loid of  the  Calabar  bean,  called  calabanne,  was  discovered  in  1866  by 
Harnach  and  Witkowsky.  These  alkaloids  have  replaced  the  extract,  being 
more  constant  in  action  and  less  irritating  to  the  conjunctiva. 

The  mode  of  action  of  myotics,  in  which  they  show  great  analogy  with 
mydriati(*s,  has  been  inv(»stigated  by  Dondors  and  Haraer.*  If  intro- 
duced into  the  conjunctival  sac,  whether  the  drug  be  in  solution,  in  oint- 
ment, or  in  gelatin  wafers,  it  passes  through  the  cornea  into  the  anterior 

*  Pan-American  Medical  Congress,  Washington,  1808. 
2  Dondors,  Refraction  of  the  Eye,  p.  610. 

*  Dunders,  loc.  oit. 
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chamber  and  acts  on  the  iris  and  the  ciliarj'  body  without  the  interveotion  of 
the  central  nerve-system.  Bonders  l^elieved  that  myotics  acted  as  stimulants 
on  specific  nerve-cells  inside  the  eye  in  the  course  of  the  (x-nlo-Jiiotor  nerve. 

Like  mydriatics,  myotics  act  more  promptly  and  more  energetically  on 
the  pupil  than  on  the  ciliary  body.  The  effect  on  the  accommodation 
ceaseB  sooner  than  that  on  the  pupil.  Solutions  not  strong  enough  U^  pro- 
duce cih'ary  spasm  act  on  the  iris.  The  contraction  of  the  pupil  aRer  the 
application  of  a  sufficient  dose  to  the  conjunctiva  commenocs  in  from  five 
to  ten  minutes,  attains  its  maximum  in  from  thirty  to  forty  minutes,  dimin- 
ishes slowly  after  thret*  hours,  and  disap|M^ars  in  from  two  to  four  days. 
This  routine  is  oi^rnsionally  varied  hy  sotne  pujiillary  dilatation.  Tlie  whole 
prooESS  is  moi-e  rapid  than  that  of  atropine.  At  the  time  of  maximum 
contraction  the  pupil  becomes  smaller  than  in  nornud  couditirm  witli  the 
strongest  light.  This  is  associated  with  tlie  most  powerful  accommodation, 
(V.  Graefe.)  Nevertheless,  the  influence  of  light  does  not  cease.  The 
consensual  contraction  csjiecially  can  easily  l>e  observed  by  closing  and 
opening  tlie  fellow-eye.  When  the  pupil  is  in  tlie  state  of  maximum  con- 
traction it  is  mostly  irregular  and  even  angular  in  outline.  To  the  eye 
to  which  the  myotic  lias  l>een  applic^d  olyci^ts  ap|>ear  much  less  brightly 
illuminatcM^l  than  to  the  other  eye. 

The  etfect  on  the  acconimo<lation  manifests  itself  almost  immediately 
after  the  beginning  of  the  myosis.  Both  the  far  and  near  points  of  dis- 
tinct vision  move  equally  towards  the  eye.  Therefore  there  is  no  loss  of 
accomnuHiation,  as  is  the  case  after  the  instillation  of  mydriatics.  More- 
over, with  the  diminution  of  the  action  of  the  myotic  the  range  of  accom- 
modation is  increased,  attaining  its  highest  increment  after  one  hundred 
minutes.     (Vkk  Fig.  3.) 

In  this  state  of  spasm  a  slight  impulse  of  the  will  has  a  great  elfect 
npm  the  accommodation.  For  instance,  Hamer  found  that  one  hundred 
and  five  minutes  after  the  instillation,  with  a  wmvei^ence  to  10",  the  eye  in 
which  the  drug  was  usctl  was  not  f<x?ussed  at  liy\  as  was  naturally  the  case 
with  the  other  eye,  but  at  4,5"  ;  after  eleven  hours  it  was  focussed  at  8.3", 
with  the  same  convergence  to  10"  ;  in  fact,  some  difference  remained  in  the 
state  of  aceommudation  of  hotli  eyes,  witli  equal  convergence,  as  long  as 
the  range  of  accommodation  of  the  instilled  eye  continucK^I  to  be  greater 
than  that  of  the  other  one.  The  eye  beluived  like  a  hy|K^rmetropic  one. 
Tliere  was  considerable  accommodation  with  slight  convergence^  the  reverse 
of  what  was  seen  w^hen  the  eye  was  under  the  influence  of  atropine,  in 
whiHi  there  was  a  slight  degree  of  accommodation  with  considerable  con- 
vergence, as  is  found  in  myopic  eyes. 

When  myotics  are  used,  it  is  found  that,  in  proportion  to  the  feebleness 
of  the  impulse  required  to  ac<*ommodate  for  a  certain  distance,  objects 
appear  enlarged  (macropia).  The  effort  of  acf?ommodati(m  l>eing  less 
strong,  the  objects  are  supposed  to  be  farther  away,  and,  as  the  angle  of 
vistOQ  remains  the  same^  they  seem  to  l>e  larger. 
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Tlie  course  of  the  spasm  of  the  sphincter  and  of  the  ciliary  muscles  is 
best  shown  by  the  curves  in  Figs.  3  and  4,  which  we  owe  to  the  investiga- 
tions of  Donders  and  Hamcr,  and  which  have  been  adapted  to  the  metric 
system  by  Landolt. 

In  Fig.  3  the  minutes  after  the  instillation  are  indicated  on  the  hori- 
zontal line  (w!.  The  curves  above  the  line  show  the  changes  of  the  near 
point  of  distinct  vision  ( j?)  and  that  of  the  &r  point  (r),  expressed  in 
diopters. 

In  the  beginning  the  range  of  accommodation  indicated  by  the  space 
between  the  lines  ppp  and  rrr  is  diminished.    In  another  experiment^  the 
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influence  on  the  nearest  i>oint  in  the  first  period  being  greater  than  on  the 
farthest  point,  the  range  of  accommodation  was  increased.  At  the  period 
of  maximum  action,  thirty  to  forty  minutes  after  the  instillation,  the  near 
and  far  points  are  moved  equally  cIosit  to  the  eye;  the  range  of  accom- 
mcnlation  is,  therefore,  nearly  the  same  as  it  was  before  the  instillation. 
With  the  decrt^ase  of  the  action  the  punetum  remotum  returns  sooner  to 
its  original  plaw  than  the  near  jKjintdoes,  the  range  of  accommodation  thus 
Ixx^oming  greater. 

The  line  Md,  below  the  hori7X)ntal  line,  shows  the  alteration  in  the  size 
of  the  pupil,  indicated  in  millimetres. 
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■         Fig.  4  exhibits  curves  similar  to  thuse  in  Fig*  3,  showing  the  gradii-       ^^^^ 
ally  lessening  action  of  the  drug  during  the  wjurse  of  the  fii-st  three  days             ^U 
after  its  instillation.     Here  tlie  inHuenee  on  the  fur  ix)int  (r)  cseases  alter             ^U 
six  hours,  whereas  the  near  point  (p)  ix^gains  its  proper  place  only  after              ^H 
twenty-four  lioiirs.     The  iiifliieiiee  nn  the  size  of  the  juipil  is  Htill  per-        ^^^B 

1  ccptible  atler  two  days.                                                                                               ^^^| 

We  have  alreatly  noticed  that  there  is  a  marked  antagonism  Ix^tvveen       ^^^H 

the  action  of  myotics  and  that  of  uiytlriatic:^s.     It  is  interesting,  tlierelore,              ^H 

to  know  how  these  two  series  of  drugs  act  when  instilled  simultaneously             ^H 

or  consecutively  into  the  same  eye.     Hamer  observed  that  when  both  drugs             ^^ 
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the  pupil  and  of  increasing  tlie  manifest  refraction  even  when  the  pupil  is 
dilated  to  its  maximum  by  atropiae  and  when  paralysia  of  accommodation 
seems  complete.  Tliis  effect,  however,  is  of  short  duration,  being  soon 
overe<:jme  by  the  stronger  influence  of  atropine. 

Rossbach,  on  the  contmry,  believing  in  the  prcKiorai nance  of  mydriatics 
over  myotics,  is  of  opinion  that  a  pupil  dilated  by  atropine  can  l>e  coutracted 
by  a  myotic  only  under  exceptional  conditions,  H 

The  author*s  oljservations  agree  with  tlie  results  of  the  former  iuvesti-   ^ 
gators.     In  his  lefk  eye,  which  is  normal,  and  its  i-efraction  =  Hm.  0.25  D, 
a  drop  of  atropine  was  placefi,  after  w4iieh  the  pupil  became  dilated  to  its 
maximum  and   the   ae<XMnm(T<]ation  was  totally  immlyzed,  the  refraction 
remaining  the  same*     After  two  hours,  in  oixler  to  be  quite  sure  that  there 
was  no  tension  of  accommodation  left,  another  drop  of  the  same  half  per 
cent,  solution  of  the  same  drug  was  in^tillwl^  but  the  refraction  remained 
the  same.     The  next  day  pilocarpine  was  freely  applied,  after  which  the 
refraction  became  equal  to  a  myopia  of  half  a  diopter  and  increasefl  iu 
fifteen    minutes    to   that  of  one  diopter.     There   was   no  accommodation 
possible,  and  the  size  of  the  pupil  was   diminislied    to  six    millimetres. 
After  twenty  minuter  the  reftaction  was  again  emmetmpic  and  the  range 
of  acajmmfKlation  had    reg-ained    thi-ee  diopters,  which  after  three  hours 
became  reduced  to  one  diopter,  and  the  size  of  the  pupil  again  became  eight 
millimetres.     The  next  day — the  third  after  the  instillation  of  the  mydri- 
atic— tlie  experiment  was  rej>eated  ;  and  tlien,  by  the  aid  of  ]]»ilocarpine,  the 
pupil  could  \yc  contracted  to  four  millimetres'  diameter,  and  there  w'as  an 
increase^  of  refraction  of  two  diopters,  which  lasted  alx)Ut  an  hour.     After 
seven  days  there  was  still  a  perceptible  difference  in  the  size  of  the  pupil  ■ 
and  in  the  range  of  aecommi^jition  in  the  two  eves.' 

Schaffer  ^  has  observetl  that  tacrine  c^m  totally  efface  the  mydriasis  caused 
by  homatropine.  He  has  also  shown  that  the  drug  is  not  capable  of  an- 
nulling the  effect  of  duboisine  or  atropine. 

From  this  wx^  may  de(biee  that  myotics  may  be  useil  with  advantage  to 
lessen  and  in  some  cases  to  annul  the  ill  effects  pratlucL^  by  mydriatics. 
They  may  Ix?  also  employed  to  stimulate  the  action  of  the  ciliary  muscles 
in  case  of  parmls.  Their  greatest  value  in  ophthalmic  practice,  however, 
dcpuds  upon  their  power  of  diminishing  the  intra-oc^ukr  tension  in  glau- 
nmm,  as  w^as  determunxl  by  Larpieur^  in  1876.  M 

Vou  Graefe  had  uschI  ealal>ar  lioan  More  Laqueur  in  the  treatment  of' 
gbuwniH,  Init  only  in  order  to  laeilitate  iridfrt.iinv  by  wntinetion  of  the 
^|iji  An  it  was  known  that  atropine  had  a  bad  influence  on  the  disease, 
"    ^amr  investigateil  !iow  esenne  might  a^:t  a.s  an  antagonist  of  atropine. 

M  IIm^  myoti^^  1^^^^^  bp^-»  the  prmcipai  therapeutic  agents  used  in  com- 

^^^^iMfitir  W"^**  observed  in  a  study  or  refractmn  In  pkstic  iritis  by  Oliver,  Tmoi- 
^^^  Am^^^*'*  Ophth»ltiK4og,e«l  Society,  1892  and  1894. 
An4»iv  t  Aiigt^nlieilk.,  x.  S.  186. 
\^(T  f.  Ophthal.,  xxiii.  in 
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bmatioQ  with  irideetorny  or  sclerotomy  (H.  SnellGU  *),  or  even  without  any 
opemtioQ  (Cohn  *),  oa  account  of  their  inHiieoce  on  the  intra-oeular  tension. 
A.  WebiT^  strongly  recommends  their  cniploynieut  in  the  ti"catmeut  of 
corneal  tileers.  Finally,  myotics  may  be  used  in  irregular  astigmatism  for 
optica]  purjKJses. 

We  havealrea<ly  mentioned  tliat  the  alkaloids  of  Calabar  l>ean  act  in  the 
same  way  as  the  extract,  and  that  they  are  preferable  Ijec^iise  their  action  is 
more  constant  and  k*ss  irritating  to  the  conjunctiva  than  the  extract.     The 
sulphate  of  eserine  is  the  most  eomnionly  employed  salt.     Very  often  pa- 
tients complain  of  a  slight  smarting  after  the  instillation,  hut  tlie  eye  seems 
to  becx)me  accustomed  to  it,  and  the  instillations  can  be  continued  without 
unpleasant  complications.     In  exceptional  cases,  however,  especially  wh^'n 
stronger  solutions  are  used,  the  drug  givt^  ri.se  to  such  severe  ocular  pain, 
with  heatlache  and  nausea,  that  it  has  to  be  discontinued. 

Under  the  influence  of  light,  the  solution  of  sulphate  of  eserine  becomes 
red  by  tlie  formation  of  rubn*serine,  which  has  no  myotic  [»ower. 

Sulphate  of  eserine  is  used  in  solution  of  one-lmlf  ti>  one  per  cent  It 
is  desirable  to  add  an  antiseptic — ^as,  for  instance,  Lxjric  acid  or  snbliniate^ 
to  tlie  solution.  Landolt  recommends  the  employment  of  the  salicylate 
(Merck)  instead  of  the  sulphate,  as  this  salt  seems  to  be  less  irritating  and 
more  stable, 

Physostigmine,  as  we  have  already  stated,  is  identical  with  eserine. 
Another  myotic,  piio<:urpint%  was  discovered  by  Hardy  in  1875.  It  is  an 
alkaloid  derived  from  the  leaves  of  jaborandi*  With  hydrochloric  acid 
mid  nitric  acid  it  forms  crystal  livable  saUs  which  are  very  sohible  in  water, 
Jaarsma*  investigated  the  action  of  the  hydrochlorate  of  pilocarpine, 
and  found  it  similar  to  that  of  eserine,  but  much  weaker,  Wliile  tlie 
amallest  dose  of  eserine  capable  of  contracting  the  pupil  is  one  drop  of  a 
iolution  of  one  to  twelve  thousand  eiglit  hundred,  tlie  minimum  dose  of 
piIocaq)ine  is  one  drop  of  a  one  to  lour  hundred  solution.  The  same  solu- 
tion of  pilocarpine  acts  at  the  same  time  n|Kjn  tlie  accommotlation,  whereas 
eserine  requires  a  strength  of  one  to  eiglit  hundrcfl  to  produce  accommo- 
dative spasm. 

After  instillation  of  pilocarpine  the  contraction  of  the  pupil  begins 
within  a  quarter  of  an  hour,  attains  its  maximum  in  from  thirLy  to  forty-five 
minutes,  and  disappears  within  twenty-f*onr  hours.  The  strength  of  the 
solution  seefus  to  have  no  influeuf^  on  the  dumtion  of  the  prooess.  The 
strongest  contraction  can  be  obtuinal  by  a  four  per  cent,  solution.  The 
spasm  of  ac!C<:mimodation  begins  about  fifleen  minutes  after  the  instillation, 
and  is  indej>endent  of  the  contraction  of  the  pupil.  It  lasts  two  hours  and 
a  half. 


>  H.  SneUen,  Donders-fet'stbundel,  1888,  and  Heidelberg  Cong^rese,  ISSR 

>  Cohn,  Berliner  Klin.  Wo  then  scli  rift,  21,  18fl5. 
•  A,  Weber,  Archiv  f.  OplitbaL,  sxii.  4,  a  215,  1876. 
^  Jftftnma,  loc.  cit. 
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HydrochloTate  of  pilocaq>iDe  in  solatioo  keeps  wdl  for  a  long  time.  It 
aeto  more  mildly,  and,  aooording  to  the  author's  experienoey  patients  bear  it 
better,  even  in  a  four  per  cent,  solution,  than  esmne.  The  osoal  strmgdi 
of  the  solution  is  two  to  four  per  cent.  As  a  mvotic,  pilocarpine  is  much 
employed  in  ophthalmic  practice  as  a  diaphoretic,  in  order  to  &cilitate  the 
absorption  of  vitreous  opacities,  exudations,  and  fluid  situated  bdiind  the 
retina  in  cases  of  detachment.  For  these  purposes  subcutaneous  injecticms 
are  employed  (ten  to  twenty  milligrammes  in  water). 

Muscarine,  an  alkaloid  derived  by  Schmiedeberg  and  Koppe^  from 
Amanita  mtiscana,  is  not  reliable  as  a  myotic.  According  to  Kraenchd, 
who  has  made  investigations  with  this  drug  in  the  clinic  of  Donders,  mus- 
carine produces  spasm  of  accommodation  in  from  five  to  ten  minutes  after 
the  instillation  into  the  conjunctival  sac.  The  spasm  attains  its  maximum 
in  from  fifteen  to  thirty  minutes,  and  disappears  in  from  one  to  two  and  a 
half  hours.  Its  action  on  the  pupil  is  variable.  In  some  cases  Kraenebd 
noticed  spasm  of  accommodation  with  hardly  any  change  in  the  size  of  the 
pupil.  In  others  a  strong  myosis  accompanied  by  a  moderate  spasm  appeared. 
Contrary  to  other  myotics,  muscarine  acts  first  on  the  ciliary  muscle. 

Other  myotic  agents,  as  inhalations  of  nitrogen  protoxide  (Bordier*), 
hypodermic  injections  of  morphine  (v.  Graefe),  and  applications  of  nicotine, 
coiiium,  extract  of  aconitine,  and  extract  of  digitaline,  are  useless  in  oph- 
thalmic practice.     (Kuyper,'  Donders/  Weber.*) 

The  best  myotic  known  at  present  is  the  hydrochlorate  of  pilocarpine, 
which  keeps  well  in  solution,  does  not  produce  any  irritation  of  the  con- 
junctiva, do(^s  not  give  rise  to  any  complications  or  general  disturbances, 
and,  therefore,  has  every  advantage  over  other  myotics,  except  its  exceed- 
ingly high  price. 

A  new  drug,  atrcoline,  brought  forward  by  Merck*  in  1894,  can  per- 
haps in  this  respect  l)e  used  advantageously  as  a  substitute  for  pilocarpine. 
According  to  Merck,  the  hydrobromic  salt  of  this  alkaloid  keeps  better 
than  eserine,  acts  more  j)owerfully  than  pilocarpine,  and  is  much  cheaper. 
Lavagna^  has  found  it  useful.  It  does  not  irritate  the  eye,  and  even  after 
re|>eated  instillations  fails  to  produce  headache  or  other  complications. 
According  to  the  investigations  of  this  observer,  a  one  i)er  cent,  solution 
produces  myosis  in  five  minutes.  The  maximum  of  contraction  of  the  pupil 
Cthe  diameter  being  one  and  one-half  millimetres)  occurs  fifteen  minutes 
after  the  instillation  and  lasts  for  thirty  minutes.  After  seventy  minutes 
llit^  pupil  regains  its  original  size. 

*  Sr-hmif-deberi^  ar.d  Koppe,  Das  Muscarin,  Leipzig,  1869. 

*  lionlif-r.  Journal  de  Th^rapeutique,  1876. 

*  Kuyj^r.  hj<:.  cit 

*  l>'^rid*rr-,  hx'.  oit. 

*  U>»y;r.  Heid^aberg,  1859. 

*  M*rrr;k,  Bfrricht  iJber  das  Jahr  1894. 

'  Ij^rui^ih,  Giomale  della  Reale  Accad.  Med.-Chir.  di  Torino,  i.,  1894,  and  ThenpeuL 
Mfjtmubettt,  1894. 
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I.    THE   PRINCIPLE   OP    LATERAL   ILLUMINATION, 

Who  has  not  arlfiiiretl  the  beautiful  play  of  dust  in  the  sunlight?  Let 
a  l^eainof  sunlight  enttT  an  otherwise darkencMil  room,  and  its  path  is  inirae- 
diat<?ly  market!  out  by  millions  of  tine  particles  of  dust  dancing  in  it8  course. 
The  brit^ht  sunbeam  k  shaqvly  defined  by  the  surrounding  darkness.  In 
diffuse  daylight  we  do  not  see  the  uuniberless  particles  at  all  times  floating 
in  the  air ;  on  the  tx>ntrary,  it  apj)eai"s  perfeetly  clear  and  homogeneous. 
The  explanation  of  this  pheuomenou  is  to  be  found  in  the  following  facts. 
The  small  floating  pailieles  of  dust  receive  the  ditllise  daylight  from  all 
directions  and  arc  almost  erjuiilly  illnmiiiated.  ConHec|ueiitly  they  do  not 
excite  any  visual  sensation,  for  they  do  not  contrast  with  their  surroundings, 
and  canti'ast  is  an  essential  re<juisite  of  every  sensory  perception.  In  the 
b0mooeBtr]c  light  of  a  single  sunbeam,  the  jiarticlcs  of  dust  and  the  little 
crystals  floating  in  its  path  are  intensely  illuininatecl  (their  minute  surfaces 
ftoraetinies  reflecting  like  mi rroi's),  while  those  in  the  surrounding  air  it^main 
in  tlarkncss.  A  sharp  ccmtrast  is  the  residt,  and  we  are  enabled  to  |>erceive 
thera  easily. 

This  |irineiple  is  applied  in  hihral  illumhuiiSfm  of  the  eye, — ^a  method  of 
examination  known  also  as  oh!} que  or  /oral  iUuminafion.  Though  it  is  im- 
possible to  produce  such  a  striking  contrast  as  in  the  case  of  the  dust  in  the 
sunbeam, — intense  illumination  beside  absolute  darkness, — still,  a  consider- 
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able  amount  of  light  can  be  thrown  upon  scNXie  portious  of  the  eye  and  i 
upon  the  neighboring  parts^  thus  causing  marked  contrast.  The  bright 
light  18  obtained  iu  a  darkened  room  at  or  near  the  apex  of  a  oone  of  light 
cxincentrated  by  a  strong  convex  lens  from  the  rays  coming  from  a  fiame. 
The  shadow  is  likewise  dne  to  the  lens^  and  is  thrown  around  the  illuminated 
area, — a  fact  which  does  not  usually  receive  due  consideration.  Some  diffuse 
light  falls  upon  the  eye  examined  from  the  walls  of  the  room  and  froi^H 
the  face  and  body  of  the  obser\*er,  thus  diminishing  the  contrast  between 
illuminated  and  shaded  parts ;  stilly  this  does  not  cause  any  considerable 
disturbance. 


II.  OTHER   FACTUBS  CONCERXED   IN   LATERAL  ILLUMINATION. 


*1 


It  is  important  to  vary  the  direction  of  our  vision  in  examining  by 
lateral  illumination.  A  faint  grease-spot  or  a  slight  unevenness  in  white 
paper  is  seen  most  distinctly  when  we  look  slantingly  U{>on  the  jmper.  In 
a  similar  manner  a  little  flake  of  miieus  or  au  indistinct  ojmcity  of  the 
cornea  is  more  easily  diaoovered.  Other  reasons  besides  compel  us  to  change 
the  direction  of  our  gaze.  At  certain  points  the  bright  corneal  reflex  is  very 
disturbing,  and  is  avoided  by  ehaiigiug  tJie  position.  Fiirtliermore,  the 
background  of  the  transparent  cornea  and  aqueous  humor  varies  aoeordinn| 
m  it  is  formed  by  the  dark  pui>il  or  by  the  colored  iris.  It  is  obvious 
that  a  imiit  corneal  opacity  can  lue  best  seeti  on  the  dark  background  of  the 
pupil  J  wlnle  a  dark  foreign  body  is  more  easily  disco  vei-ed  when  viewed  on 
the  I  nick  ground  of  a  light  iris.  ^ 

It  is  likewise  necessary  to  alter  tlie  direction  of  the  cone  of  light  if  the" 
exam i nation  is  to  \>e  performtd  iu  a  complete  mimner.  In  general  it  is 
bi'Ht  lo  let  the  axis  of  the  light  come  from  almost  a  right  angle  with  the 
viiiual  line  of  the  eye  examined  ;  it  is  for  this  reason  that  the  methixl  has 
Inru  culled  laieral  iftuminafion.  In  some  examinations,  sudi,  esjKH'iullyj 
90  of  the  lens,  the  angle  mentioncHl  must  be  mudi  smaller,  and  the  illumi- 
natiuic  tens  in  to  be  held  mure  nexirly  in  front  of  tlie  patient.  This  may  l)e 
m\M  ^Hritendteular  Uhiminafion,  The  examination  of  pathological  changes 
in  the  |K*sU>rior  cortex  of  the  lens  re<|uires  that  the  axis  of  illumination 
ahull  aluuist  c(»incide  with  tlie  visual  line,  and  artificial  mydriasis  is  usually 
lidieHtiary,  Iu  this  msc  the  visual  line  of  the  observer  most  likewise  closely 
^^pjiiXKiih  that  of  the  eye  examined. 

lit    UlKroniOAL   NOTES   CONCERNING    LATERAL   ILLUMINATION. 

r^oiiL'h  muuc  of  the   earlier  ophthalmcvlogists  (Himly^  Samson,  and 
M-  t-mploycd  the  convex  lens  for  lateral  illumination  in  isolated 

i4^<  M'l'Mhultx*  is  to  lie  regar«Jed  as  the  first  to  make  systematic 

oMAiuju.     The  credit  of  having  ret^ogni^ed  its  great  value,  and  « 


\  Kh.  f  UpVuhfllm.3d.  i.,  Abth.  II.,  S.  40.   He  employed  thii  melhod 
i>v  ciiAis^*a  occurring  during  acooninuKJttlion. 
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of  having  given  it  its  proi^er  place  in  ophthalmic  practice^  belongs  to 
R,  Liebrek'h.'  In  1855,  in  his  fii*st  publication  on  this  subject,  hv  like- 
wise showed  that  the  use  of  n  magnifying  glass,  or  even  of  a  mierus<M>pe, 
'could  with  advantage  be  combined  with  this  mothud.  A.  von  Gmefe^ 
pointed  out  at  about  the  same  time  that  lateral  illumination  is  of  great 
service  in  the  diagnosis  of  the  consisteoey  of  cataract. 

De  Wecker  ^  ami  Gayet  also  const ruet4»d  microsco|>es  to  be  used  with 
lateral  illumination.  The  corneal  microsc4jj>ej  however,  has  never  gained 
a  footing  in  ophtbalmic  pmctice,  on  account  of  the  great  difficulties  en- 
countered in  examining  the  living  eye.  The  magnifving  glasses,  on  the 
other  liand,  are  of  great  service.  Saemisch  attempted  to  adapt  the  magni- 
fying glass  to  binocular  vision  by  employing  a  convex  lens  of  5  D.  with  an 
aperture  made  sufficiently  large  to  admit  of  Ixith  eyes  being  used  simulta- 
neously. Though  both  eyes  were  use*!,  true  stcreosc*<3pic  vision  was  not 
obtaineci  This  has  been  accomplished  by  means  of  an  instrument  invented 
by  F,  E.  Schulze  and  recommended  by  Zelieuder*  It  is  constructed  by 
Westien,  an  optician  in  liostcMik,  and  kuowu  as  the  binocukir  i^orneal  Ioujk,'^ 

A  new  and  serviceable  application  of  lateral  illumination  has  reccTitly 
been  descril>e<i  by  Knaj^p.*  He  has  shown  that  !ntra-<x*n]ar  ojicmtiuns 
such  as  iridectomy,  and  especially  operations  on  secondary  cataract,  may  be 
performed  by  lateral  illumination  and  artificial  light,  and  with  especial 
advantage  on  cloudy  days. 

Attempts  to  use  direct,  sunlight  instead  of  artificial  light  for  lateral 
illumination  are  to  Ix^  restricted  to  amaurotic  eyes.  Diffuse  daylight  may 
also  be  nseti.  Hwhiaens^  states  that  diffuse  daylight  is  as  good  as  arti- 
ficial light;  but  decided  exception  must  1k^  taken  to  this  statement. 

Priestley  Smith*  has  recently  suggested  an  ingenious  modification  of 
lateral  illumination  by  substituting  a  t*oncave  mirror  of  very  short  focus  for 
the  convex  lens.  It  has  the  a<lvant4ige  of  enaljling  the  diret^tion  of  the 
cone  of  light  to  be  changed  from  one  side  to  the  other  without  altering  the 
position  of  the  patient. 
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IV.    METHOD   OF    EXAMINING    BY    LATERAL    ILLUMINATION. 

It  is  necessary'  to  have  the  room  quite  dark.     A  small  room  in  which 

the  windows  are  closed  with  dark  curtains  and  the  walls  and  ceiling  are  of 
dark  color  will  answer  very  well ;  or»  in  its  stead,  a  part  of  the  office  shut 
off  by  dark  curtains.  As  the  source  of  light,  any  g'wxl  oil  lamp  or  gas- 
burner  may  be  uised.     We  have  had  no  experience  with  the  incandescent 

1  Von  Graefe^B  Arch.  f.  Uphthulm.,  Bd.  i.,  Abth,  11.,  S.  86L 
Mbid.,  Bd.  I,  Abth    IT.,  S.  204. 

•  Annale^  d'OculUtiqtu^  1803,  p.  268, 

♦  Klin.  Monat'iliL  f.  Au^crilieilk.,  ixiv.  8.  504  and  xxv.  8.  496. 

*  I  have  pruvidi'd  it  with  a  B^K'cinl  ap|n*niUi*  Cor  illuminating  purposes. 

•  Von  Gmefe^s  Arch    f  0|>hthtilm.,  Bd,  xiv.,  Abth.  I.,  S.  262, 
T  Ibid.,  Bd.  viii.,  Abth.  T,  S,  B02, 

*  According  to  the  oiml  infornmtion  of  Profegflor  H.  Snellen, 
IT.     4 
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c-lectric  light.  The  lamp  must  be  so  constmcted  that  it  may  be  raised  and 
lowerf.<l  and  the  flame  so  arranged  as  to  be  kept  on  a  level  with  the  eyes 
of  the  patient.  A  eon  vex  lens  of  15  to  18  D.  Ls  efaoeen  for  illuminating. 
Weaker  lenses  do  not  give  sufficiently  intense  illumination.  The  lens 
should  have  an  a|)erture  of  from  four  to  fiHir  and  a  half  centimetres.  A 
secrjnd  lens,  to  be  used  as  a  magnif\'ing  glass,  may  be  from  12  to  20 
D.  in  strength,  or  in  its  place  one  of  the  special  magni^ing  instruments 
defscribe^l  in  Section  IX.  can  be  employed. 

The  physician  and  the  patient  are  seated  opposite  each  other  near  a 
table.     Tlie  lamp  is  placed  at  a  distance  of  about  fifty  or  sixty  centimetres 
to  the  side  and  a  little  in  front  of  the  i)atient.     The  physician  holds  the 
lens  of  -rl5.  to  -}-18.  D.,  with  its  edge  l^etween  the  thumb  and  the  index 
finger  of  the  right  hand.     The  lens  must  l)e  held  with  its  pbne  perpen- 
dicular to  the  line  joining  the  flame  and  the  eye  examined,  and  from  six  to 
eight  centimetre's  distant  from  the  latter.*     The  apex  of  the  cone  of  light 
is  thus  thrown  uiK»n  a  jiart  of  tlie  eye,  brightly  illimiining  it.     By  slight 
movements  of  the  hand,  or  of  the  eye  or  head  of  the  patient,  one  part  after 
the  other  of  the  front  jKirtion  of  tlie  organ  is  illuminated  for  examination. 
At  the  same  time  the  physician  must  not  neglect  viewing  the  eye  from 
different  ix)ints.     If  he  desin^s  to  magnifv  the  image,  he  will  take  a  second 
lens  b(»tween  the  thumb  and  the  index  finger  of  the  left  hand,  holding  it  at 
somewhat  less  than  the  foc-al  distance  from  the  eye  examined  and  placing 
his  own  eye  as  elorsc  as  jxjssible  to  it.     With  the  fourth  finger  of  the  left 
han<l  he  may  at  the  same  time  raise*  the  upper  lid. 

Thesi^  rules  may  apix-ar  i>edantic  ;  still,  they  are  not  superfluous.  We 
have  often  witnessed  the  difficulties  which  s«)nie  beginners  have  in  learning 
this  simple  method  of  examination.  Sometimes  their  illumination  is  insuf- 
fici<*nt  l)ecause  the  lens  is  not  held  in  the  line  joining  the  flame  and  the 
eye,  or  is  too  much  inclined,  or  even  Ixxause  it  is  shaded  by  the  hand 
holding  it.  The  magnifying  glass  is  likewise  often  used  improperly,  being 
held  t<M)  near  or  too  fiir  from  the  eye  examinc^l.  The  greatest  enlargement 
is  obtained  when  the  ol>je<^t  is  situated  within  and  very  near  the  focal 
distanw?  of  the  hMis.  If  it  is  held  farther  away  an  invertetl  image  is  pro- 
duaKl.  By  holding  the  magnifying  glass  to<3  far  away  from  the  eye  of  the 
olwcrver,  tlie  field  is  greatly  rcdufx^l.  All  these  annoyances  can  be  avoided 
by  closely  following  the  rules  stated  alx>ve. 
A*  *K:a  iiniiit  mention   may  l)c  ma<le 


At  tliis  l>oint  mention   may  l)c  made  of  a  contrivance  suggested  by 


^rSi     It  i«  a  ''^"^'y  instrument,  and  may  be  used  to  advantage"  whiFs't 
examining  patients  in  bed. 


1  Ta«^  b»  a^^^  »"  instrument  b>  means  r>f  which  this  lens  is  held  by  a  sinirle 
1  »ay»  "*  "vV,  ,,f  the  h^nd  free. -Translator.  ^  *  *'"»*« 
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V.  THE  EXAMINATION   OF   THE   NORMAL   EYE   BY   LATERAL 

ILLUMINATION. 

By  tills  plan  the  [>gsitioo  and  division  of  the  blood- vessels  on  the  sur- 
face of  the  eyekill  may  be  reeognizal  with  ease,  and  the  net-like  figures 
of  the  conjunetival    vesvsels  am    be  differentiated   from   the  dimmer  and 
deejMT  branches  tif  the  suljeonjnuetival  and  e])i. scleral  vessels.     With  tlie 
aid  of  a  magui lying  glass,  the  marginal  net- work  of  the  limbus  *A'  the 
cornea  becomes  distinctly  visible*     As  a  rule,  the  surface  of  the  cornea  is 
found  suKKitli  and  mirror-like,  but  particles  of  dust  and  flakes  of  mucus 
imi  he  fm|uenily  seen  lying  ujion  it     These  may  be  remguized  by  the 
fk*t  that  they  change  their  pi>sitioii  or  disappear  during  movements  of  the 
eyelids. 

If  the  illuminatioi*  is  very  oblique,  the  anterior  epithelial  layer  of  the 
cornea  may  be  recognizcMi — though  it  is  transparent^ — by  a  faint  grayish 
reflex.*  This  reflex  is;  cspet^ially  distinct  when  a  [wirt  of  the  corneal  surface 
is  robbed  of  its  epitbelinuL  The  corneal  [larenehyma  does  not  show  any 
visible  struct  tire,  nor  is  the  posterior  corneal  surftu'e  to  Ije  seen  ;  the  cornea 
appearing  opti<."ally  to  n^ch  biick  to  the  surface  of  the  iris.  The  angle  of 
the  anterior  chamber— the  spacer  of  Fontana — may  be  illuminated  from  the 
side,  bnt  the  extreme  periphery  of  the  chamber  ran  not  in^  rendcrtnl  \'isibk% 
because  it  is  covered  by  the  edge  of  the  sclerotica.  The  canal  of  Sehlemm, 
which  we  have  often  tried  to  discover  by  lateral  ilbimination,  docs  not 
reveal  itself  by  any  sign, — a  fact  which  points  to  its  being  a  lymph-sixice, 
and  not  a  blood-vessel. 

With  its  varying  surface-relief,  the  eonr-entrie  furrows,  and  the  spots 
t>f  pigment  profusi'ly  scatterci:!  about  in  the  stroma,  the  iris  apj>ears  won- 
dexfrdly  distinct.  Its  pupillary  portion  containing  the  sphincter  mnsele 
appears  thinner  towaixls  tlie  nmrtjin  of  the  pufiil,  and  in  many  eyes  shows 
numerous  radial  folds,  Tiic  pupillary  margin  forms  a  sharp  circular  line, 
though  there  nve  often  smaller  or  larger  brown  projtrtions  known  as  ec- 
trofnon  uveae^  that  are  produceil  by  the  dark  [x)sterior  pigment  surface  of 
the  iris  reaching  beyond  the  anterii>r  surface. 

The  normal  lens  is  likewise  discernible  within  certain  limits.  Its  an- 
terior surface  gives  rise  to  a  light  gray  reflex  when  the  illumination  is  very 
slant,  and  when  it  is  viewed  from  the  op[>osite  side.  In  young  [x^rsons 
this  reflex  marks  the  lenticular  star- figure  with  its  rays  and  their  diehoto- 
mous  divisions.  Under  very  favorable  circumstances  the  radial  arrange- 
ment of  the  fibres  may  hif  visible  as  fine  streaks  between  the  rays  of  the 
star-figure.' 

It  is  to  Ix^  noted  that  the  vessels  of  the  iris  are  not  visible,  except  in 
very  pronounced  albinos.     The  posterior  surface  and  the  ecpiator  of  the 

1  Thia  reHex  sddB  ua  id  deterraining  the  d<'pth  of  the  anterior  chamber. ^Tbanblator. 
'  Laqucur,  Klin.  MnT^ntshU  f.  Auj^enheitk.,  xxv.  S.  468,  and  PtTfy  H.  Fndenberg, 
"  Die  Steriitlgur  der  CrysuUin^e/^  Inaug.  Dis^erLf  Stra^biir^,  1891. 
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kos^  tiie  ciliary  processes,  the  vitreous  humor,  and  the  fundus  are  not  to 
neen  whoo  the  iris  i.^  normal.     In  cases  of  coloboma  of  the  iris  the  margio 
of  the  leiiif  Ix^iines  v^ery  diBtinct. 

VI,   THE   EXAMINATION   OF  THE   EYE  BY    LATERAL  ILLUMINATION 
ITNDEB  PATHOLOGICAL   CONDITIONS. 

Every  |>athological  eundition  of  the  cornea,  whether  an  injur}'  or  a 
foreign  bocly,  an  opaeity  ur  a  neoplasm,  recjuires  the  use  of  lateral  illumi- 
nation for  it>5  thorough  insjMX'tion,  In  sc:'rofulous  vascular  keratitis  with 
photophobia  the  application  of  the  method  is  often  difficult,  though  cocaine 
lessens  the  fliffieulty.  The  gross  changes  of  the  cornea,  and  even  some  finer 
ones,  may  often,  it  is  true,  be  seen  by  ordinary  daylight,  but  details,  boun- 
daries, etc.,  escape  us.  In  many  cases  diffuse  daylight  is  entirely  inade- 
quate, as,  for  example,  small  foreign  bodies  in  the  cornea  of  dark  eyes,  or 
erosions  of  the  corneal  epithelium,  which,  though  slight,  may  produce 
intense  pain,  eongt-^tion,  aud  hierymation.  In  this  type  of  eases  the  addi- 
tional use  of  a  magnifying  glass  may  be  retjuired  ft»r  their  detection** 

There  is  a  form  of  keratitis  that  is  characterized  by  the  apjtearance  of  a 
great  number  of  fine,  gray,  dott^xl  infiltrations^  which  are  invisible  in  day- 
light {kerfititis  pundala  vera).  Inasmuch  as  the  disease  is  accompanied  by 
<*onsitleral>leeonjunctiva!  congestion  and  irritation,  it  is  commonly  mistaken 
for  conjunctivitis  and  accordingly  is  treat*xl  improperly.  Faint  opacities 
of  the  wrnea,  the  result  of  inflammations  during  childhood,  are  also  easily 
overlookttl  during  ordinary  daylight  observation.  Near  the  centre  of  the 
cornea  they  produce  gi-eiit  visual  disturbance,  wliieh  cannot  be  improved 
with  glasses.  In  such  cases  it  is  advisable  to  examine  the  eye  by  lateral 
illumination  Ijcfiire  testing  the  vision. 

When  interstitial  or  pareuchymatons  keratitis  is  pronounced,  it  is  easily 
re*x>gnized  by  daylight.  The  is<jlated  faint  vascular  or  non- vascular  opaci- 
ties wljicb  often  persist  afW  the  disease  has  run  its  course  require  lateral 
illumination  for  their  detection.  The  same  may  be  said  of  the  fine  super- 
ficial vessels  of  pannus.  The  diaper  brush  or  twig-like  vessels,  whicli  give 
rise  to  serious  disturbance  of  vision  and  of\cn  persist  throughout  life,  cannot 
usually  Ije  recognized  by  ordiiiarv  daylight.  However,  there  is  a  method 
that  is  still  better  than  lateral  illumination  for  detecting  these  as  well  as 
tlie  opacities  to  be  described  in  the  following  pamgraph.  We  refer  to  the 
use  of  the  ophthalmoscope  combine^l  with  a  strong  convex  lens  placed 
behind  the  central  opening  (Lottpenjiplff/cf),^ 

Iritis  serosii,  which  is  charafterizcd  by  a  lar^  number  of  little  corneal 
8|»ots,  deposits  upon  tlie  middle  and  lower  jxirts  of  the  membrane  of  I>e8- 

*  The  r«jraov»l  of  foreign  bodi<?«  from  the  comea  is  ofteti  fttcHitated  by  the  use  of  h 
miiicniryiiiiC  K^ii»*^*  For  tliis  purpose*  a  WiUcli-niHker'ii  rnnijintlor,  which  ia  eftsily  be  Id  in 
p\avr  M\m*  tin*  pye,  k-uvinj^  both  hniid]*  froe,  h  to  be  recx>mmendi.-d.  It  requires  but  little 
pnictico  u>  Imrn  Uy  work  with  but  one  eye, — Trakblator. 

■  8«e  Section  VIIL 
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ceraet,  precipitated  from  the  aqueous  humor,  may,  if  these  are  very  close 
without  being  eoufluent,  a*  18  often  the  case,  vmh^q  the  tniniea  to  appear  only 
slightly  dull.  The  true  oature  of  this  condition,  m  well  as  the  location  of 
the  dejiosits  ujxm  tlte  {KKSterior  surface*  of  the  t-*irneii,  however,  will  l)e 
revealed  when  the  eye  is  exaniioed  by  lateral  illuniinatioii.  As  indit^iUd 
above,  the  opacities  are  more  easily  recognized  by  the  aid  of  the  ophthal- 
mosoope  and  the  magnifying  gla,ss  coinbioHl. 

Extravasations  of  blood  at  the  bottom  of  the  anterior  cliamij>er 
(hyphiema)^  a  coaguhmi  of  blood  lying  on  the  iris,  a  collection  of  pus 
(hypopyon),  a  fibrinous  or  gelatinous  exudation  in  iritis,  a  lens  dislocated 
into  the  anterior  chamber,  floating  particles  of  lenticular  suljstance  IVom  an 
injure*!  lens  or  after  di Mission,  toivign  bodies,  and  entozoa  are  all  ordinarily 

^ visible  in  diSiise  daylight.  They  are^  however,  seen  much  more  distinctly 
br  lat^^ral  illumination.  When  examinecl  with  the  binocular  eonieai 
mupi\  the  relative  position  of  the  jvarts  is  determine^l  exactly.  It  would, 
however,  be  an  exaggeration  to  say  that  lateral  illumination  is  absolutely 
necsessary  for  the  recognition  of  these  conditions. 

In  the  examination  of  changes  of  the  iris  and  the  pupillary  margin 
lateral  illumination  plays  an  important,  an  indispensable,  rSle.  Espet^ially 
is  this  so  when  the  magnify iug  glass  is  used.  Defects  in  the  structure  of 
H  the  iris  and  small  openings  ]>rLKluce<l  by  |>erforatiug  foreign  Ixidies  appear 
P  in  diffuse  daylight  as  round  or  oval  black  spots,  which  gready  resemble 
iris  pigment.  These  spots  are  distinguished  by  lateral  ilhunination  by 
throwing  the  a|K^x  of  the  cone  of  light  through  the  pu}KiI  and  l>eliind  the 
iris,  thus  i-ausing  the  openings  to  appear  bright  nnJ.  Large  perforations 
and  dialyses  of  the  iris  may  likewise  be  detected  with  the  ophthalmoscope. 
This  method  is  unsatisfactory  when  the  openings  are  small. 

In  the  manner  just  describt^l  those  s[x>ts  where  the  posterior  pigment 
haa  disappcareil  in  atrophy  of  the  iris  may  also  be  detected.     By  this  plan 
they  becfime  bright  red  oprnings,  and  give  a  sieve-like  app^aramn.^  to  the  iris. 
_  Xe%v  growths  of  the   iris,  such  as  sarcomata,  granulomata,  gumniata, 

f  cysts,  and  tubercles,  may  be  recognized  at  an  early  stage  by  lateral  illumi- 
nation. When  further  developed,  their  iusj>eflion  in  diffu^  daylight  is 
frequently  preferable  to  lateral  illumination,  because  the  coloring  can  be 
better  seen. 

ILateml  illumiQation  is  invaluable  in  examining  the  pupillary  space  and 
margin.  The  fiuest  thread  lying  in  the  pupil,  be  it  a  posterior  synechia 
fnjtm  the  margin  of  tlie  iris  or  a  thread  of  a  persistent  pupillary  membrane 
having  its  origin  in  the  anterior  surface  i>f  the  iris,  can  lie  detected  arid 

•  di&tinguishcd.  The  numerous  fine  brown  i>oiuts  of  pigment  on  the  an- 
terior capsule  of  the  lens,  the  vestiges  of  the  irelal  mpsulo-pupillary  meni- 
bnuie,  can  be  recognized  only  by  lateral  illumination,  or  by  the  ophthal- 
moscope combined  with  the  magnifying  glass.  lu  extensive  posterior 
sjmechia,  lateral  illumination  enables  us  to  determine  the  extent  and  the 
density  of  the  adhesion  ;  especially  is  this  so  after  a  mydriatic  has  been 
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applied.     In  some  cases  careful  liittml  ill  ami  nation  will  discover  that 
part  of  the  j>u|)ill[irv  hI^c  h  ivve  anfi  that  a  |n>rtion  of  the  iris  reacts  t*) 
alternate  illuminatioii  ami  shading  of  the  pupil,  thtui^h  tbe  cas<*  appearifcl 
to  present  eoraplete  circular  adhesion* 

Lat<^ml  illunitnatfon  is  of  no  little  importance  in  nnin'  (-asfs  oi'  anierioT 
synechia*  In  a  larir<*  eorn(ral  It'ocorna,  Uy  tUh  nietlH>d  unly  are  we  enabled 
to  determine  thi-  extent  to  wliieh  an  iris  is  adhcR^nt  to  a  scar,  and  the 
location  wlicre  an  ir!(UH't*iiny  can  1k^  made  witli  some  hope  of  success.  We 
find  Iencx)niatu  OL-enpying  tbur-fitUi.s  of  the  txjrnea  with  apparently  total 
anterior  synechia,  which  if  examined  carefully  by  lateral  illumination  show 
that  the  iris  is  partially  fret^  and  movable  l:)ehind  the  leucoma.  Such  con- 
ditions rcnth  r  iirognosiH  more  lavorahle. 

Lateral  illumination  is  practised  in  examining  de[xisits  upon  the  anterior 
capsule  of  the  lens  or  in  studying  oj*aeities  of  the  anterior  cortex  in  the 
same  manner  as  in  cornea!  or  iritic  attection,s.  In  such  cases  it  is  well  to 
dilate  the  pupil  with  bomatropine  in  order  to  inspt^'t  the  |>enphenil  por- 
tions of  the  leus  and  its  capsule.  The  examination  of  the  nucleus  and  the 
posterior  a:»rtex  requii-es  that  t[ie  cone  of  light  l>e  diret^ted  more  nearly 
perpendicularly  to  tlie  pupil,  ami  tlmt  tbe  apx  of  the  cone  fall  near  the 
posterior  pole  of  the  lens.  The  patient's  bead  is,  therefore,  to  be  turned  I 
more  towards  the  liglit,  and  the  c^bstTver  is  to  view  tlie  eye  from  a  |x»int  in 
front  and  somewhat  to  tbe  nasal  side,  Tbe  niys  tbu.^  juissing  through  all 
tlie  layers  of  the  cataractous  lens  are  reflected  from  tbe  jRtsterior  surface, 
enahbng  tbe  more  consistent  parts  to  be  recognizcM:!  by  their  ]>eculiar  ajlor. 
In  this  manner— a  method  fii-st  practisetl  by  Liebreieb— tbe  existence,  the 
size,  and  even  the  density  of  a  nucleus  may  l>e  diagnt>sticatcd.  The  yellow- 
ish or  brownish  color  of  the  nucleus  may  Ik*  readily  disct^ned.  Mydriasis 
is  necessary  to  determine  the  size  of  the  nucleus,  though  the  border  of  the 
cortex  does  not  apjx-ar  as  a  sbar|:^  line  tbrougb  the  turbid  cortex.  The  size 
and  density  of  zonular  cataract  may  be  ascertained  in  a  similar  manner, 
though  the  examination  witli  the  oplidiatmoscH)pc  is  preferable  in  this  condi- 
tion. In  rnctpient  cataract,  all  the  opacities,  the  little  spots,  tlie  radial  lines, 
and  the  larger  plaques  lying  at  various  depths  are  rendered  visible  by  lateral 
illumination.  Dense  opaeities  are  alscj  easily  stn-n  with  the  ophthalmoscope 
used  in  tbeonlinary  manner.  For  tbe  detec^tion  uY  fine  opaeities,  Magnus's 
method — viz.,  magnifying  glasses  with  the  ophthalmoscopic  mirror — sur- 
passes all  others.  By  tbis  means  Magnus  demonstnitttl  that  tlie  first  ele- 
ments of  senile  cataract  consist  of  globular,  pear-sbapetl,  or  tubular  forma- 
tions, which,  though  at  first  clear  and  transijan^nt,  gradually  become  opaque. 

I^iteral  illumination  is  not  suital>le  for  the  diagnosis  of  diffuse  opacity 
of  the  lens.  In  advani^d  age  the  lenticular  nucleus  shows  a  decided  gray 
Keflex,  which  may  be  mistaken  for  develo|»€il  bard  tataract.  By  lateral 
illumination  this  reflex  is  likewise  seen, — in  fact,  it  may  be  rendered  even 
more  pronoimet><l  In  such  rases  the  ophthalmoscope  becomes  necessarv^  to 
determine  whether  the  pupil  and  the  lens  are  clear. 
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Lateral  illiunination  is  indispensahk*  iii  secomlurv  eatamct.  It  fur- 
nishes the  means  of  stiulyiag  any  niembmne  occluding  tlie  pupillary  area, 
the  direction  of  fine  fibres,  open  siiaces,  and  any  adhesions  that  may  be 
ina^lc  to  the  iris.  On  the  other  hand,  the  tninspareney  of  the  raembmne 
is  dctcrmiutil  with  the  ophthalmoik-uijc,  alone  or  with  the  addition  of  a 
magniryiu^  ^la^ss. 

The  method  a^^sists  us  in  the  diaguosii^  of  luxati<>n  or  subluxation  of 
the  lens*  When  the  lens  18  situates!  partly  in  the  pupillary  area^  it8  margin 
appears  as  a  circular  line,  which,  when  properly  iUuminated,  Ijecomes  bright 
and  silvery*  When  the  cataraetous  lens  lies  at  the  lx>ttt>m  of  the  vitrcijus 
humor,  it  may  likewise  often  bc^  seen  from  al>ove  and  reeognized  by  its 
bright  reflex  and  nK^vement.s, 

VU.   THE   KAIIER    APPLICATJOXS   OP   LATERAL   LLLUMINATION, 

Total  staphyloma  of  the  cornea  appears  in  oixlinary  daylight  as  a 
white  orspottetl  prominence  with  a  smcwjth  or  an  irregular  surface;  the  true 
condition  of  this  membrane  is  i-evealed  by  lateral  illumination.  For  this 
purposse  the  a|>ex  of  the  eoue  of  liglit  h  thrown  into  tlie  interior  of  the 
staphyloma,  which  tliereupnn  lieeomes  himioous.  The  transparency  of  the 
membrane,  whi(*h  is  usually  very  thin,  thus  Ix^comes  evident.  By  this 
plan  we  also  see  the  blood-vessels  contaiaed  in  it  and  the  irregular  masses 
of  pigment  (remains  of  the  iris). 

Though  lateral  ilhmii nation  does  not  render  any  structures  {>osterior  to 
the  lens  visible  when  they  are  normal,  still,  thei^  are  eeilaiu  patluilogical 
conditions  of  tlie  vntreous  humor  and  the  retina  which  axn  lx»  readily  swd 
by  this  method.  As  examples  may  be  cited  :  extensive  detachment  of  the 
retina,  retinal  or  choroidal  tumors  in  their  advanced  stages,  bright  mem- 
branes in  the  vitreims,  metallic  foreign  bodies,  etc.,  which  approach  the 
posterior  surface  of  the  lens.  Incidentally  it  may  be  mention»jd  that 
metallic  foreign  l)4:)dies  in  tlie  vitreous  can  S4imettmes  hv.  seen  by  oaliuary 
daylight  {vifk  Cfniralbi.Jrtr  AugeHheilL,  1888,  S.  295),  The  examination 
of  the  vitreous  becomes  much  easier  if  the  lens  has  been  removed  or  is  dis- 
locatt'd.  Then  we  readily  see  the  little  bright  and  floating  cholcstcrin  and 
lime  crystals  in  the  vitreous.  When  present  in  great  tjuantities  they  may 
sometimes  become  visible  by  lateral  illumination  through  the  normal  lens. 

Occasionally  the  zonula  and  tlie  ciliary  protx'sses  can  be  observt^l,  as 
when,  after  wounds  near  the  limbus  of  the  cornea^  these  parts  are  drawn 
forward  by  cicatricial  contnictidn, 

lateral  illumination,  or,  more  projierly,  lateral  transillumination,  is 
sometimes  useful  in  inspecting  the  contents  of  tumefied  conjunctiva?.  It 
has  enabled  us  to  recognize  a  lens  dislocate*!  under  the  conjunctiva  by  a 
severe  contusion.  The  transparency  of  tlie  fluid  exudation  in  chemosis  of 
the  cxjnjnnctiva  can  be  recognizixl,  the  presi'uce  of  a  foreign  boily  may  be 
determined,  and  a  conjunctival  cyst  containing  a  cysticercus  may  be  dis- 
tinguished from  a  simple  serous  cyst,  by  this  method. 
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VIII.    THE    COMBINED    USE    OF   THE   OPHTHALMOSOOPE   AND   THE   MAG- 
NIFYING GLASS. 

We  have  repeatedly  mentioned  this  method  as  preferable  in  certain 
conditions  to  lateral  illumination,  alone  or  even  when  combined  with  a 
magnifying  glass.  Under  this  head  would  be  included  fine  vascularization 
of  the  sur&ce  or  the  parenchyma  of  the  cornea^  the  earliest  traces  of  cata- 
ract, very  small  foreign  bodies  in  the  cornea,  the  fine  precipitates  upon  the 
membrane  of  Deseemet  in  serous  iritis,  and  deposits  of  pigment  upon  the 
anterior  surface  of  the  lens.^  Still,  we  must  bear  in  mind  that  this  method 
requires  that  the  refractive  media  be  sufficiently  clear  to  admit  considerable 
light,  so  that,  when  reflected,  the  pupil  appears  pinkish.  The  bright  pupil 
thus  becomes  the  background  uix>n  which  the  shadows  of  the  fine  spots  or 
lines  are  marked.'  These  are  seen  best  when  they  are  sharply  defined  and 
when  the  pupil  is  dilated.     Mydriasis  is,  therefore,  often  indispensable. 

The  instrument  required  and  the  method  of  using  it  are  very  simple. 
We  need  only  fasten  a  convex  lens  of  8,  12,  or  20  D.  behind  the  central 
opening  of  any  concave  or  plane  ophthalmoscopic  mirror.  Instead  of 
using  a  single  lens,  Magnus's  suggestion  may  be  adopted,  and  two  lenses, 
as  9  and  11  D.,  be  combined,  thus  obtaining  a  greater  enlargement  (about 
sixfold).  The  c^ombination  of  three  lenses  still  further  increases  the  mag- 
nifying power,  but  their  use  entails  difficult}-.  For  examining  the  fine 
oi>aeities  of  incipient  cataract,  Magnus  prefers  the  plane  mirror. 

The  instrument  is  used  as  in  the  direct  method,  the  observer  doeelv 
approximating  the  eye  examined,  so  that  the  object  viewed  is  near  the  focus 
of  the  lens  useil.  We  endtnivor  to  illuminate  the  pupil  with  the  part  of 
the  mirror  nearest  tlie  ivntral  opening. 

The  n'sults  of  this  mothoil  are  truly  surprising.  To  those  who  have 
not  j>ractiseil  it  we  would  nx\>nunend  it  for  the  examination  of  corneal 
opacities  resulting  from  interstitial  keratitis.  It  is  astonishing  how  clearly 
the  fine  ramifications  of  the  bKHxl-vi^ssels  can  be  seen,  when  by  lateral 
illumination  they  may  be  invisible  or  seini  with  great  difficulty.  Hirsch- 
berg*  thus  found  that  the  bUHHUvi»ssi»ls  of  syphilitic  interstitial  keratitis 
l»ersist  for  many  yi-ars,  and  ho  ci>nsiaers  their  preseni^  a  valuable  sign  of 
eongenital  syphilis.  Si4ioW  and  NettU^hip  have  likewise  used  this  method 
of  examination  in  such  itist^s  with  advantagt\  Magnus's  interesting  obser- 
vations cv»mvrninsr  the  t-arlit^si  apjvaramx^  of  auara^t  were  made  by  means 
of  this  metluHl.  The  plan  des*»rvi*s  to  Iv  mor\»  widely  known  than  it  is  at 
prestuit. 

»  To  ;ht*>o  iim>t  Iv  advUxi  dust-Uko  ojyi.uU-.*  of  iho  vitrwu*.  which  oAn  b*  discoTered 
only  by  this  mothK\i.  Tho\  ht\»  otVu  o\>*rKvk^\i,  and  iu  such  i^****  the  blurring  of  the 
retinal  piciim^  i?  fHl>«'ly  *k*nK\l  to  ix^tinui*.— TKiNSLAiv^K. 

•The  m.>5t  tsivoniMo  U^rht,  tswvi*I»v  whon  iho  tXitxlu*  kvuii  Udark.  U  th«t  reflected 
fn>m  tho  papilU.  Wo  thor\'t*or\»  ^.tVu  tiiul  ii  U>>t— s<^'tue«hn^  ahk^lutelr  neceamr— to 
dirwl  the  patient  s  evo  in  >uvh  »  w»v  ».  u.  obuin  thi*  li>:ht  — Tit ^n^ljlTOiL 

»  Hirsohberg.  CeiitwlW.  f  pm..t    Au^^uhoilk  .  18SS,  iv  ^5<i. 


LATEfiAL   ILLUMINATION. 


57 


IX,   MEAK5   U8EB   IN   COMBINATION    WITH    LATERAL   ILLUMINATION 
FOR    THE    PURPOSE    OF    MAGNIFYING. 

■  Afl  is  well  kuowii,  magnifying  glaast^s  give  an  enlarged,  upright,  virtual 

■  iin^:e  of  an  object  lying  within  but  very  nc*ar  the  focus.     It  has  l)een  men- 
Ktioiied  abtive  that  a  aiuvex  lens  of  15  or  20  D,,  or  siu^h  magiii lying  glasR^s 
HSigare  used  by  botanists,  may  be  employed.     Besides  tliese,  certain  magnify- 
ing instruments  that  are  made  expi'essly  for  this  purpose  will  l>e  mentioned. 

1.  Naeliet's  small  px-ket  louj>e  {ptfile  ioupe  dite  iVoculhte)  amsist^  of  a 

_  cylindrieal  metallic  tube  twenty-seven  millimetres  long  and  twenty  niilli- 

I  metres  in  diameter,  having  a  c^mvex  lens  of  20  D.  insertal  at  each  end. 

Its  focal  distance  is  eightet-n  millimetres.     The  lens  magnifies  two  to  thi^ee 

I  times  and  gives  a  large  field. 
2.  SteinheiFs  loui*e'  is  a  solid  piece  of  glass  embraced  by  a  ring.  It 
has  convex  surtaces  at  ^ch  end,  and  is  contracted  in  the  middle.  The  sides 
are  blackened,  and  the  eonti^actt'd  part  tlins  acts  as  a  diaphragm.  It  has 
an  aperture  of  thirty-five  millimetres  and  a  focal  distance  of  almost  twenty 
millimetres.  The  image  is  very  clear  and  the  field  is  sufficiently  large,  but 
the  instrument  is  somewhat  heavy,  and  eout^etpiently  it  is  not  much  used. 

3-  Hiirtnaek's  achr<imati€  and  aplanatic  lonpe  consists  of  a  short  me- 
tallic tube  twenty  millimetres  long,  containing  a  series  of  lenses.  They 
ai"e  equal  to  a  convex  lens  of  *J0  D,  The  ai)erture  is  sixteen  niillimetres, 
the  focal  distauw  is  very  short  (sixteen  and  six-tenths  millimetres),  and 
the  linear  enlargement  is  al>ont  fivefold*     The  field   is  quite  as  large  as 

■  in  the  instruments  previously  mentioned.^ 

4.  Bruecke's  loupe ^  is  a  Galilean  te!es(X>pe  (ojiera-glass)  arranged  for 
short  distances.  It  is  compostHi  of  two  eoneentric  metal  cylinders,  the 
inner  moving  into  the  outer  as  in  a  telcscojx*.  It  is  ninety-five  milUmetres 
long  when  drawn  out,  and  seventy  mlllimetrt^s  when  closed.     The  ocular — 

I  a  fxiucave  glass  of  about  25  D.  with  a  diaphragm— is  inserted  in  the  inner 
tube;  the  objectives  (their  aj>ertnre  about  twenty-tw^o  millimetres)  are 
composed  of  two  plano-mnvex  lenses  of  2r>  D.  and  10  D.  res|jectively, 
and  are  inserted  at  the  end  of  the  outer  tub*.  The  fijcal  distance  of  the 
objectives  is  about  thirty-five  niillimetrt-s.  Wlien  the  tubes  are  drawn  out, 
B  the  instrument  has  a  focal  distance  of  forty-eight  millimetres  and  magnifies 

■  six  times.    When  it  is  clost^,  the  focal  distnuce  is  sixty  millimetres  and  the 


I 


'  Not  to  l>e  mi^^taken  fur  St^^Jnhei^s  eonu$. 

*  Similar  ma^nifyin^  gla.'^jif^s  nmde  in  this  oountry  answer  the  same  purpose.  The 
Coddini^ton  nift^nifler  k  a  Esingle  and  ypfy  thick  doubltf  convex  leu?  which  is  j^rrnived  out 
upjuud  the  middlf?,  the  contracted  part  acting  hs  a  ccntnil  diaphniLfm.  This  b  ii  very 
»ervice»hltf  magnifying  lens  with  ^ood  definition. 

Still  hotter  are  the  achromatic  triplets  composed  of  one  crown  lens  and  two  flint 
lefi4e»  cemented  together.  They  are  similar  to  Hftrtnack's  loupf*,  and  are  made  of  various 
stren^lhfl  (with  fociof  one-Tialf  inch,  three-»^imrters  Jnch|  one  inch,  one  and  one-half  inches ^ 
and  two  inched). — ^Translator. 

»  Thi*  was,  a^  Braecke  himself  state?,  the  inventinn  of  Chevalier;  hut  Bruecke  was 
ignarant  of  Chevalier  s  invention  when  he  devised  the  instrument. 
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enlargement  is  four  diameters.  [The  focal  power  of  the  lenses  and  their 
relative  distance  are  such  that  the  rays  converging  from  the  objective  would 
intersect  in  the  negative  focus  of  the  ocular,  but  meeting  the  concave  ocular 
they  pass  out  parallel.]  The  field  is  smaller  than  that  of  Hartnack's  loupe, 
but  the  magnifying  i)ower  is  the  same.  Its  advantage  lies  in  the  long 
focus,  which  permits  the  observer  to  remain  at  a  considerable  distance  from 
the  face  of  the  jMitient.  The  weight  of  the  instrument,  however,  makes  it 
difficult  to  handle,  and  to  be  held  steadily  and  kept  in  proper  focus. 

The  foregoing  appliances  are  all  adapted  to  monocular  vision.  Saemi^ 
was  the  first  to  use  a  binocular  instrument.  It  was  a  simple  convex  lens 
of  six  or  eight  diopters,  but  of  a  very  large  size  (the  aperture  being  nine 
or  ton  eentimetn^s).  It  was  held  by  a  handle  before  both  eyes  of  tlie  ob- 
server, Si>  that  he  amid  see  simultaneously  with  both.  The  magnifying 
lH>wer  of  this  weak  lens  is  slight,  and,  though  both  eyes  are  used,  there  is 
ni>t  true  8tenH>s<'opio  vision.  The  outer  parts  of  the  lens  act  as  prisms  with 
their  l^ai^i^  in,  and  the  instrument  is  therefore  more  like  "  dissecting  glasses" 
than  like  a  stenH>!kV|>e. 

StortHv^cvpio  vision  cwnbined  with  a  high  magnifH'ing  power  is  obtained 
thnnigh  Wi^stionV  bimxHilar  conieal  loupe.  This  is  composed  of  two 
horixoutal  HnuvkoV  lou|>es  which  oi>nverge  towards  the  objectives.     The 

inner  thii^s  of  the  objectives  are,  as  it 

wei\\  blended.     Two  separate  images  are 

«vured  for  the  two  eyes,  and  they  are  fused 

stoi\\>!!<vpically.    The  oculars  are  placed  in 

tubes  whiv^i  can  be  drawn  out  and  in,  and 

thty  i^n  thus  Iv  suited  to  any  pupillarj- 

di>taixv.     The  apjiaratus  is  fixed  upon  a 

<<  livl  <:aixl.  an^l  may  be  raised  and  low- 

t  iv\i  V  r  t;:nHxi  sidewi*.     The  Urge  screw 

;::x?tr  :hi  ohvctives  brings  the  instrument 

.u:o  :;v-.;>.     ,S«^  Fie.  I)    The  head  of 

::v  ;ts:xc.:  :>  £xt\l  by  a  chin-rest  which 

,^ir..  :<  .:    ixin^  nif^^  v>r  lowered.    The 

,:;;:v  :\ir;.c.  i>  iN^adned  in  a  manner  sug- 

.vl  :  X   ;:>.     A  Jmp  is  pbced  upon  a 

;:-v    ,c   t.xir  metres  distant,  and 

-..:    t    :.  a:  *  diftanwof  tw«it>-five 

x-A  k«  of  4  D-  and  ten 


Fuv  1. 


^- 


*  V".  i 


•*.<^-^  i 


\-^     »X^ 


s'  apfftare  is  mounted 

-  .  .^  <si>v     TSkw  is  a  second 

.«x  ,7  N  '  I\  t«  rtriitffld  a  half 

.^   ,x-  -^   AX-^i  sixwn  centi- 

.     v,un=^:sWL    Tbe  latter 
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large  enough  to  illuminate  at  onoe  the  whole  oomea.  We  alter  the  part 
illuminated  by  moving  the  second  lens.  The  general  arrangement  is  shown 
in  Fig.  2.  The  preference  of  this  method  of  illuminating  over  the  lens 
supported  by  a  jointed  rod  and  attached  to  the  instrument,  such  as  Zehender 
at  first  used,  lies  in  the  &ct  that  the  illumination  is  larger  and  is  fixed  as 
long  as  the  patient  keeps  his  eye  quiet,  these  being  dependent  upon  the  fiu^t 
that  movements  of  the  instrument,  such  as  focussing,  do  not  disturb  it 

The  advantages  of  this  instrument  depend  upon  the  magnifying  power 
(which  reaches  a  linear  enlargement  of  ten  diameters)  and  the  beautifiil 
stereoscopic  efiect,  which  enables  us  to  recognize  at  a  glance  the  relative 
topographical  relations  of  the  various  parts.  Thus  we  see  how  deeply  a 
foreign  body  is  embedded  in  the  cornea,  the  depth  at  which  blood-vessels 
lie  in  the  corneal  parenchyma,  and  the  extent  to  which  a  taberde  or  a 
gumma  encroaches  upon  the  anterior  chamber ;  and  yet  the  eye  is  nine  to 
ten  centimetres  from  the  objective  of  the  instrument^ 

On  account  of  its  high  price  (about  forty  dollars),  Westien  has  con- 
stnieted  a  smaller,  but  similar,  instrument,  which  is  attached  to  the  head  of 
the  observer  (price  about  five  dollars).  This  has  but  a  slight  magnifying 
power,  but  still  the  stereoscopic  effect  is  present  It  is  far  inferior  to  the 
larger  instrument,  as  it  is  difficult  to  keep  the  head  so  quiet  that  the  focus 
shall  not  be  disturbed. 

In  1855,  R.  Liebreich  made  the  first  attempts  to  examine  the  living  eye 
with  a  microscope;  for  this  purpose  he  inserted  a  Schick  microscope  in 
place  of  the  mirror  in  his  large  stationary'  ophthalmoscope,  which  could  be 
moved  to  and  fro.  The  head  was  secured  by  rests  for  the  chin  and  forehead. 
The  illumination  was  obtained  from  a  lens  set  upon  a  jointed  rod.  He 
states  that  he  obtained  an  enlargement  of  ninety  diameters  of  cornea  and 
iris;  but  he  also  mentions  that  the  unavoidable  movements  of  the  eye 
greatly  impeded  the  examination. 

In  1863,  De  Weoker  described  a  similar  instrument,  composed  of  a 
Hartnack  microscope  placed  horizontally  (magnifying  power  from  forty  to 
sixt}'  diameters).  The  forehead  and  cheeks  were  supported.  The  illumi- 
nation is  similar  to  that  of  Liebreich's. 

Gayet's  corneal  microscope,  invented  a  few  years  later,  may  be  moved 
up  and  down,  to  the  right  and  left,  and  backward  and  forward.  To  em- 
ploy this  plan  the  eye  is  fixed  by  a  ring  which  fits  around  the  orbit  and  is 
fastened  to  the  instniment.  The  linear  enlargement  is  from  t^'enty  to 
thirty  diameters.  The  illuminating  ap^xiratus  consists  of  a  movable  lens 
which  receives  the  parallel  rays  reflected  by  a  i\>noave  mirror. 

In  1891,  H.  Aubert  presenteil  a  bimxnilar  corneal  microscope  at  the 
Ophthalmologioal  Congress  in  Heidelberg/  which  yields  an  upright  picture 
by  double  inversion  of  the  image.     It  produces  a  linear  enlargement  of 


»  Klin.  3Ionat5bl.  fur  Auct-nheilkunde,  1887.  S.  496. 
«  Trmns.  Opbih.  Society,  Heidelberg.  1891,  p,  »». 
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twenty  diameters,  and  is  ten  and  a  half'  centimeti-es  from  the  eye  exaoiiucd. 
The  field  is  quite  large.  Concentrakxl  daylight  may  he  used  for  the  11  lu- 
minatioQ. 

It  was  quite  natural  to  think  of  applying  tlie  mieroscope  to  the  exam- 
ioation  of  the  living  eye,  and  ^rcat  hopes  were  built  upon  it.  They  have 
not,  however,  been  realized,  and  they  can  never  he  realized,  because  of  insur- 
mountable difficulties.  The  short  foeal  distance — legs  than  one  centimetre, 
even  with  low  [wwerB — and  the  unavoidable  slight  movements  of  the  eye 
cause  mechanical  irritation  of  the  eyelids  and  injuries  of  the  cornea  that 
may  be  serious.  Furthernir>re,  the  field  is  so  much  narrowed  tlxat  it  bec^jmes 
ver}'  difficah  to  find  any  particular  spot.  The  gr^test  difficulty,  however, 
is  that,  owing  to  the  movements  of  the  eye,  any  part  can  be  rarely  observed 
for  half  a  minute  before  it  disappears  out  of  the  field  or  out  of  the  area  of 
illumination*  This  difficulty  is  less  pronounced  in  Aubert's  microscope, 
but  even  w*ith  this  instrument  it  is  not  entirely  avoided. 

The  use  of  the  corneal  mieroscope  is  illusory.  There  is  no  new  fact 
that  owes  its  discovery  to  the  mieroscoj>e  in  its  application  to  the  living  eye. 
Whatever  can  be  seen  by  its  mtmns  can  be  seen  more  easily  and  surely  with 
the  binocular  corneal  loupe.  For  this  reason  it  is  rarely  used^  and  it  is 
doubtful  whether  it  will  ever  lie  useful  in  examining  the  living  eye* 

An  enlargement  of  from  ten  to  twenty  diameters  may  bv  easily  obtained 
MTith  a  small  teles<H3pe  for  short  distances.  Thus,  we  have  fret|uently  used 
the  ophthalmometer  of  Javal-Sehiiitz  by  taking  out  the  douhle-rcfractiug 
prism  and  illuminating  the  eye  by  our  method  as  desc^rilMxl  above.  The 
eye  is  twenty  centimetres  distant  from  the  instrument,  and  the  field  is  quite 
large.  As  we  use  Init  one  eye»  we  do  not  get  the  stereoscopic  effect  of*  the 
binocular  loupe :  besides,  the  image  is  inverted. 


THE  OPHTHALMOSCOPE  AND  THE  ART 
OF  OPHTHALMOSCOPY/ 

BY  GEORGE   M.  GOULD,  A.M.,  M  D., 
Late  Ophthalmologist  to  the  Philadelphia  Hospital,  Philadelphia,  Pennsylyania. 


Untrained  minds  accept  things  as  they  appear,  without  asking  for 
causes  or  reasons.  Every-day  occurrences  are  noted  by  mankind  for  cen- 
turies, even  for  thousands  of  years,  and  nobody  attaches  any  significance 
to  the  phenomena  observed,  and  everybody  is  contented  in  the  conviction 
that  thiugs  are  so  because  they  cannot  be  otherwise.  Here  the  matter  rests 
until  some  genius  works  out  a  new  law  and  shows  a  better  and  clearer 
understanding  of  some  part  of  the  universe.  It  needed  a  Newton  to  teach 
us  the  law  of  gravitation,  although  the  falling  of  bodies  to  the  earth  had 
been  observed  since  the  very  infancy  of  the  human  race ;  slings  and  swings 
were  old  in  Galileo's  time,  but  it  was  left  for  him  to  teach  us  the  science  of 
the  pendulum.  Diseased  conditions  of  the  interior  of  the  eye  had  long 
been  studied  in  cadavers,  but  it  required  the  genius  of  Helmholtz  to  give 
US,  in  the  beginning  of  the  second  half  of  this  century,  an  instrument  with 
which  to  examine  the  interior  of  the  living  eye. 

That  the  eyes  of  some  animals  emit  a  phosphorescent  glow  in  the  dark 
must  have  been  known  even  to  prehistoric  man  when  he  hunted  the  cave 
Hon,  but  not  until  the  sciences  of  optics,  anatomy,  and  physiology  had 
sufficiently  developed  to  formulate  a  rudimentary  knowledge  of  the  laws  of 
light  and  of  the  nervous  system  was  any  explanation  offered.  The  glow 
of  the  eye  was  looked  upon  as  due  to  luminous  rays  produced  in  the  eye 
under  the  influence  and  control  of  the  nervous  system  and  visible  to  the 
observer  through  the  transparent  cornea.  The  peculiar  function  of  the 
tapdum  lucidum  in  night-prowling  animals  makes  the  glow  from  such  eyes 
very  intense  and  easily  seen.  Instead  of  arousing  true  scientific  inquiry, 
the  phenomenon  seems,  indeed,  to  have  had  the  contrary  effect,  both  as  to 
the  discovery  of  this  peculiar  structure  and  its  function,  and  as  to  the  reason 
for  the  strange  darkness  of  the  human  pupil. 

Not  until  the  early  part  of  the  present  century  do  we  find  exceptions 
taken  to  this  view.      Rudolphi  *  calls  attention  to  the  fact  that  the  lumi- 

*  I  am  indebted  to  Professor  Julius  Pohlman,  of  Buffalo,  New  York,  for  much  re- 
search-work in  the  preparation  of  this  article. 
'  Lehrbuch  der  Physiologie,  ISIO. 
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Dosity  is  visible  only  wli^n  the  c>l>9tTVt4'  Iw>ks  in  a  certain  definite  maatier^ 
into  the  animiil*s  eyc^  Gruithoiscn*  maiutiiintil  that  the  phenomenon  j 
was  due  to  the-  tai>etiuu  and  to  the  extniordinary  refraction  of  the  light- 
rays  in  tlieir  passage  through  the  crystaOfne  leas.  Pr6vost*  noticed  thatl 
a  luminous  eye  is  never  swn  in  an  absolutely  dark  room,  and  henoaJ 
eoneluded  that  the  appearanee  can  be  nothing  else  than  the  reflection  of  j 
light-rays  jjassing  into  the  eye.  Esser^  in  1826  asserted  that  the  var\-| 
ing  coloration  of  the  glowing  eye  was  due  to  the  different  colors  of  the 
tapetum  brouglit  into  view  by  the  movemeuts  of  the  eyeball.  Hassen- 
Btein  in  1836  *  attemjittii  to  show  that  the  eye  was  shortened  by  press- 
ure of  the  eye-nuiscles,  and  that  the  ehaoge  of  axis  thus  produced  in- 
fluenced the  luminous  apjiearauee  ,seen  in  the  dark.  Behr  in  1839^  gives 
for  the  first  time  a  correct  explanation  of  the  phenomenon,  but  apparently 
without  understanding  its  principle.  He  had  the  opportunity  of  exam- 
ining the  eyes  of  a  girl  with  total  aniriilia,  and  found  that  the  eye  of  the  — 
observer  must  look  nearly  jKirallel  with  the  rays  of  light  that  enter  th&f 
patient's  eye,  in  order  to  see  the  luminosity,  and  that  it  disapjx^arcd  so  s(K*n 
as  the  observer's  eye  was  held  below  the  light.  Behr  merely  published  the 
fact,  witiiout  attempting  any  explanation.  In  1846,  Cumniings*  adds  to 
this  knowledge  by  stating  that  such  observations  must  be  made  in  a  dark 
room,  with  the  candle  held  from  eight  to  ten  feet  in  fmnt  of  tlje  patieut*s 
eye.  Finally,  Briicke,  as  the  result  of  investigations  extending  from 
1845  to  1847/  gave  a  risum^  of  the  subject  and  a  correct  explanation  c»f  H 
the  principles  underlying  the  phenomenon^  and  these  results  were  fully 
corroborated  in  1853  by  Ctxtnus.®  Briicke,  indeed,  cjime  near  making  the 
discovery  of  the  ophthalmosco{>e  when  he  placed  a  tube  through  the  flame 
of  a  candle*  by  which  his  own  eye  caught  some  of  the  rays  reflected  from 
the  eye-ground  of  the  observed  eye. 

In  the  light  of  our  [jresent  knowlwlge  it  seems  strange  that  so  many 
careful  observers  should  have  devoted  their  energy  for  over  thirty  years  to 
what  now  seems  to  us  so  simple  a  problem,  and  yet  in  the  slow  evolution 
of  the  umlerstanding  of  the  principle  tlie  work  of  each  was  necessary  for 
the  final  solution,  and  each  added  his  share  to  the  gmdual  development  of 
the  science  of  ophthahnoscopy. 

It  IS  noteworthy  that  in  all  the  attempts  to  explain  the  luminosity  of 
eyes  in  darkness,  the  ilhunination  of  the  interior  of  the  globe  for  an  exam- 
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'  Bvitraijt'  zur  PhysiognoBie  und  Eontwgnosie,  1810. 

»  Biblicith^ue  Britrtnniqae,  xlv. 

^  Karsten'ti  Arehiv  fiir  die  Gesammte  Nuturlehir,  viii.  899. 

*  De  luce  ex  quorundum  unimHlium  oculis  prcnleunto  atqut*  de  tapeto  lucidfe,  Jen», 

*  Heeker'fl  Anniilon,  L  373. 

'  Mi^ico-Chirurt:.  Traim.,  Londf>n,  v<jI.  xxix. 

^  AniiUiiTiiH^he  Unter^uchun^en  iitierdif*  so-ffonRnnten  leuehtendeii  Augen  bei  Wirbel- 
thiereij,  MuolkT's  Art-hiv  f.  Aritit.  and  Phvs.,  1845,  8.  387;  and  Ueber  djtks  L^uchten  der 
memchlichen  Augen,  ibkL,  1847,  S»,  225,  47 J>. 

D  Ueber  die  An  wen  dung  dea  Augenspiege]$,  Leipsic. 
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InatioQ  of  the  fiiodus  was  entirely  ignored,  or,  if  thought  of,  was  never 
mentioned  in  any  of  the  numerous  publieations,  although  M§ry  as  early  as 
1704  *  published  the  fiiet  that  he  was  Me  to  see  the  bloml- vessels  and  the 
color  of  the  retina  in  the  eye  i*f  a  eat  whieh  he  aeeideutally  lield  under 
water,  and  De  la  Hire  in  1709  ^  had  given  a  et^rreti  exptanatiou  of  the 
phenomenon*  The  glowing  eye  had  fully  engrossed  the  attention  of  all 
&tudeiit8,  and  the  j)oftrtibdity  of  examining  the  fundus  of  tlie  living  eye 
was  lost  ^ight  of  for  nearly  a  ct^utury  and  a  half, — and  even  so  late  as 
1845,  when  Kussmaul  wrote  a  prize  essay*  on  the  colors  visible  in  the 
human  eye. 

At  la^t  Professor  von  Helmholtz,  in  1851,  gave  to  the  world  an  instru- 
ment whit'h  he  ealkJ  the  ophthalmoscope^  by  means  of  which  he  "  does  not 
doubt  that  all  the  pathulogie  changes  in  the  i^tina  and  vitreous  humor,  bo  far 
observed  only  iu  the  eadaver,  ean  be  seen  in  the  living  eye;  a  faet  whieh 
promises  great  progress  in  the  little-known  pathology  of  this  oi^an,'* — cer- 
tainly  a  promise  which  the  last  forty  years  have  abtindantly  verified* 

In  the  history  of  Si'ieni-e  it  very  often  happens  that  two  investigators, 
or  even  more,  in  complete  iudependeuee  of  each  other,  have  simultaneously 
discovered  or  invented  the  hitherto  unknown*  The  one  who  first  puts  on 
record  the  most  certain  and  clear  account  of  it  is  he  that  is  most  honored. 
It  is  not  iniprtilxiWc'^ — of  ttu^s  we  t^anuot  be  sure— that  tlie  esstnitial  prin- 
ciple of  the  ophthalmost-oj^w  was  clearly  recognized,  and  even  a  simpler 
ap^^lttjation  of  it  made^  prior  to  tlie  anuouticemeut  of  Helmholtz*  Profess* jr 
Wharton  Jones  announcetl/  three  years  after  Ilelmholtz's  publication,  that 
"  Mr.  Babbage  had  showed  him  seven  years  ago — 1.6.,  in  1847 — an  opth- 
thalmoscope  which  consisted  of  a  plain  mirror  with  the  silvering  8cmj>ed 
off  at  one  or  two  small  spots  in  the  middle.  This  mirror  was  fixetl  in  a 
tube  at  such  an  angle  that  the  rays  of  light  falling  on  it  through  an  o|K?ning 
iu  the  side  of  the  tube  were  reflected  into  the  eye  to  bt»  observed,  and  to 
which  one  end  of  the  tube  was  dinK*tcd,  The  ohsc*rver  lookwl  tli rough  the 
clear  spots  of  the  mirror  from  the  iither  en<l  of  the  tul>e/'  Jones  further 
remarks  that  **  it  is  much  to  l>e  regi-ettt^l,  tor  the  sake  of  British  ophthalmic 
surgery,  ttiat  this  disi-overy  was  not  i[iade  public  or  even  utilizetl  at  an 
earlier  date/*  Supposing  this  to  be*  fact,  and  not  merely  hearsiiy,  it  d*x\s 
Jiot  in  any  way  detract  from  the  honor  due  to  Helmholtz.  No  other  pub- 
litration,  not  even  the  briefest  U(*tiee,  exists  anywhere  of  Mr,  Babtmge's 
instrument  previous  to  the  annouuwmcnt  made  in  1854  by  Professor  Jones. 

Helmholtz*  found  that  when  light  strikes  a  [X)lished  glass  plate  some 
of  it  passes  through  and  some  is  reflected.  More  is  reflected  when  two 
plated  of  glaas  are  screwed  together;  more  yet  with  three,  ete. ;  and  his 


*  Annales  de  F Academic  des  HciencM. 
«  Ibid. 

•  Die  Fiirben<>r?t'heinuni^en  im  Grumle  des  raenM-hlichen  Alices,  Heidelberg. 

*  British  »nd  F(>rei|?n  Mt'dico-Cbirurgicwl  Review,  October,  1864. 

•  Der  Auff''mpi<^gel,  Bfrlin,  18oL 
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original  instnmu'Ut  (Fig.  1)  fouyisttd  of  four  thin  plates  of  glass  cai'efully 
polislicil,  srrewt^t]  togt^tlier,  taBtoocd  at  an  angle  of  fifty-six  degrees  to 
a  Unti^  ili^k,  nnd  ihvuihig  tlio  liypnthtaiuse  of  a  right-angleil  triangular 
prism.  The  other  sides  of  this  hollow  prism  were  naade  of  metal,  and  all 
carefnlly  biackonwl  insitle.  The  brass  disk  had  a 
^*^^-  1*  hole  in   it8  centre  antl  an  arrangemeut  to  plat^  a 

concave  lens  over  it;  for  normal  eyes  Helmhohsfl 
useil  a  No.  10  glass.  The  light  from  a  lam|j  talU 
ing  on  the  glass  plates  was  in  jjart  iTfle^itixl  into 
the  i>atient  s  eye,  and  the  observer,  looking  through 
the  ofjneave  lens  and  the  oj>ening  in  the  brass  disk, 
received  the  returning  rays  in  liis  own  eye,  and  was 
able  to  see  the  thndns,  weakly  illuminated,  but  still 
distinctly . 

ProeetiJing  on  the  lines  of  the  inv^ention  ^T 
Helmholtz,  Frobelius^  reeognized  the  necessity^  for 
Ijetter  illumination,  and  substituted  for  the  four  thin 
glass  plates  of  the  Helmholtz  instrument  a  solid 
right-angled  prism  with  a  hole  tlrilled  through  it  in 
such  a  way  that  the  observer  eould  see  the  fundus 
of  the  eye  without  IfMiking  through  glaps.  We  may  ^ 
also  mention  the  variation  of  Ulrieh,^  who  com-  ^ 
bined  in  1853  two  ecpial-sidctl  right-angled  j>risms  in  such  a  way  that  the 
hypothennse  of  the  one  stood  at  right  angles  with  the  hypotheuuse  of  the 
other  prism.     (Fig.  2,)     Witli  this  armngement  a  ray  of  light  strfkiug 

the  prism  at  a  was  reflei-ted  at  a  right  angle 
into  the  patient's  eye  at  P ; 
when  k^aviug  the  eye  it  would 
again  W  retleeted  at  (f  into  the 
tjbstn-ver's  eye  at  0,  In  this 
way  Ulrieh  utilized  the  tf»tal 
rertefting  jxiwer  of  his  j>risnL 
In  order  to  eon ti:'nt rate  the 
light- rays,  the  external  sur- 
faces were  ground  eonvexly, 

Meyerstei n  s       oplitlmboo- 
scope*  is   a    further   improve- 
ment,    with     a     right-angled 
prism  at  one  end  (Fig,  3),  npon  which  the  light  iulls  and  is  reflected  at 
right  angles  from  the  hypothennse  into  the  eye  of  the  patient,  the  observer  W 
seeing  tlie  fundus  through  the  liole  drille<l  in  the  prism.    Later  Meyerstein 
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1  Med  Zeitechr.  Ruftslands,  18fi2,  No.  46. 

'  ZeitAchrift  fiir  miioncne  Medizin,  neu©  Folge,  iv,  175. 
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sul>stitut«?d  a  perforaUil  planf  iriirror  for  the  prism,  adding  a  niuvable  i\^\y^ 
far  tJie  aecomimxlation  of  distances,  and  a  !eii8  to  rxtllec't  tlie  rays  of  light; 
this  was  fastened  hj  an  adjustable  bracket  liolding  a  wax  candle  to  the 
tul)e ;  his  earlier  simple  instrument  was  thereby  rendered  rather  cumber- 
some and  elujiisy. 

But,  while  everybody  has  honored  Professor  Helmlioltz  ff>r  the  scientific 
|iarts  of  the  ophthalmoscope  which  he  gave  to  the  world,  mankind  has 
almost  forgotten  die  man  who  made  the  fir^t  niechanical  improvement  on 
the  mstrumeut.  Helm  hoi  tz^s  original  device  had  merely  a  holder  fnr  one 
lens,  and  for  different  conditions  this  lens  had  to  be  changed  again  and 
again  nntil  the  right  one  was  found. 
The  revolving  disks,  carrying  a  series 
of  lenses,  were  invented  by  Rekoss,  of 
Kanigsberg,  Prussia.  (Fig.  4,)  The 
two  disks  ha*l  each  five  round  ojienings ; 
four  of  these  were  fdled  with  concave 
lenses  from  six  to  thirteen  inches  in 
focal  length;  the  fifth  was  empty;  by 
a  simple  turning  of  tlic  disks,  any  one 
lens  or  any  combination  of  two  lenses 
could  be  utilized.  A  small  spring  kept 
the  disks  in  place.  Mr.  Rckoas  was  a 
**Mechaniker,''  a  term  lor  whirh  tlie 
English  language  has  no  exact  fipiiva- 
lent.  Most  German  t^/xt-books,  when 
8|J€akingof  the  ophthalmosoo{x*,  mention  the  RekoflB  dtakfi,  but  the  English- 
si>eaking  nations  have  not  done  justice  to  tlu*  mechanit^l  mind  that  addetl 
so  much  to  the  s<^ientific  jmrts  of  the  instrument  to  make  it  one  of  precision 
and  easy  of  nuuiipuhition. 

Usually  when  sinne  new  principle  in  applied  eeiem^  has  been  evolved 
and  given  to  the  world  in  i\\^  form  of  an  instrument  or  ap]»aratus,  it  is 
elalxtratcd  and  made  more  and  more  aunplex  (and  sometimes  more  clumsv) 
by  so-called  im|>rovements,  until,  little  by  little,  in  the  course  of  time  it 
reaches  simplicity  and  perfection.  The  ophthalmos<.'0|)e  has  followed  this 
rule.  The  original  instrument  of  Hclndioltz  was  sim]>Ie  antl  easily  hundktl, 
and,  as  bos  been  said,  has  *'even  to-day  no  superior  in  its  powers  when 
weak  illumination  is  desiral>lc,  or  when  the  study  of  the  faintest  ojiacitics 
in  the  nicdk  or  of  the  slightest  changes  in  the  tint  of  the  optic-nerve 
head  and  the  blood-columns  of  the  retina  is  desired.*'  Helmholtz  himself 
ailmitted  tliat  onlya  wciik  illumination  of  the  fundus  of  the  eye  was  attain- 
able by  his  instrument,  and,  as  a  matter  of  course,  the  qnestion  how  to 
improve  this  shortcoming  was  the  first  to  engage  the  attention  of  those  for 
whose  use  this  instrument  was  especially  designed. 

To  MS  it  seems  strange  indeed  that  Helmhnltz  should  not  at  once  have 


seen  that  a  piece  of  an  ordinary  mirror  witli  a  hole  through  it,  or  with  the 
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aiiuil^rii  or  *'«iilverijig'*  scraped  firom  a  spot,  would  give  the  perfect  illu- 
miiuilidii  (k^in^J.  It  waft,  however,  only  a  few  months  after  the  original 
publicatum  m  XXi-ember,  1851,  that  Epkens,  of  Amstcpdam,'  published  an 
lux'ouiit  of  a  new  form  of  ophtlmlnioscope  (Fig.  5),  in  which  tiiis  plan  wt^ 
fo]low«L  A  ftumll  mirror  with  some  of  the  silvering  removed  from  an 
oval  Hpat'e  in  the  centre  was  substituted  for  the  seri^ 
of  ^lass  plates  of  Helmholtz,  The  illuminatioii  was  fiir- 
tiier  impmved  by  Ruete,  of  Gottingen.*  To  him  belongs 
tho  honor  of  havmjir  l3een  the  first  to  use  a  coneave  mirror 
with  a  hole  drilletl  through  the  etnitre*  He  had  the  mirror 
-  mounted  on  a  stand  in  such  a  way  that  it  was  movable  in 

L    *J  all  direetlons.     On  one  i^ide  of  the  stand  a  screen  was 

m^M  fiiHteneil  to  shield  the  observer's  eye  from  the  rays  of  the 

^H  himp;  on  the  other  side  was  a  movable  arm  on  whidi 

|H|  slid  two  lens-holders.     The  lenses  could  be  changed  with 

H  easi%  and  lifttxl,  lowered,  or  taken  out  entirely,  as  ooca* 

^1  sicvn  demaudecL     Ruete's   instrument  was  more  or  lees 

statitvnary  on  a  small  table,  and  lie  himself  admits  that 
"  for  irritable  and  inHamed  eyee  he  prefers  Helmholtz's  simpler  form  to 
timt  of  his  own  di^igniug/* 

(\HviuH,  in  \H*)l\  elabonitetl  Epkens's^  instnimeut  by  adding  a  mo^^able 
iind  jnljuHtabh»  arm  %m  which  cimld  be  fastened  lenses  of  different  strengths. 
^Fig*  6*)  Thiii  cnablctl  him  to  put  the  lens  between  the  mirror  and  the 
jHitient's  ej-e,  or  between  the  mirror  and  the  lights  as 
'  be  thought  best  for  correct  examination.    The  mirror 

win  movnUe  on  its  handle,  and  the  little  screw  at  its 
Uick  kept  it  at  any  desired  angle.  It  was  a  porta- 
ble in^tnimcot,  and,  with  the  len^holder  removed, 
xmsconvenieDtlf  cumd  in  a  pocket- 
m»  ifac  mAim  lemf. 

VXnA '  pubtisbcd  m  1653  a  ww 
ft^rm  of  ophthalinuwo|g .  (FSe*  ^*) 
It  <\^iis^Bi<\i  of  two  tA»  fa»Md 
lo  fwh  other  M  w  «i^«f  fiitf 
4c|Sf«<^  TW  hupBT  iHift>  th^  *<*- 
wkrn^  mm  fiw 
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held  a  &niall  candle  as  the  source 

tilbe  coDtainetl  a  conclave  [>t'rlbrate<l   mirror  und  a  convex  lens  four  and 

one-half  inches  in  focal  length  ;  the  other  end  held  a  convex  lens  one  and 

one-half  inehes  in   ii^cal  length  ;  the  latter  was  niovahle  by  means  oi'  a 

screw,  Sij  that  the  image  of  the  fundus  eould  be  brought  to 

a  focus  at  the  observer's  eye  behind  the  mirror*     To  shield 

the  eyes  of  both  patient  and  phyj^ician  fr<3in  the  dirt^et  rays 

of  the  candle^  one  screen  was  fastentil  to  the  tulw?  between 

the  light  and  the  patient,  another  between  the  light  and  the 

observer.     The  special  advantage  claimed  for  this  form  of 

ophthalmosc!ope    was    that    it   ct>uld    be    nsni    in   daylight, 

whereas  all  other  instruments  needed  a  darkened  room  for 

the  examination  of  patients. 

In  1854,  Stellwag  von  Carion  described  his  niodifie*! 
form  of  ophthalmascoix*^  (Fig*  ^)>  ^^^^  it  is  remarkable  tliat 
after  this  almost  perfect  style  of  iustrnment  had  lieen  de- 
vised so  many  new  and  cumbersome  improvements  followed 
in  the  succeeding  four  yt*ars.  St  ell  wag's  instrument  con- 
sisted of  a  concave  perforated  mirror  fastened  to  a  holder  by  a  ball-and- 
jBod$ie$  joint,  an  arrangement  that  permitted  it  to  be  plact^l  at  any  desired 
sngle  to  the  light.  Behind  this  mirror  was  placed  a  Rekoss  disk  with 
eight  lenses,  usually  +2,  +4,  +8,  +10,  +12,  —2,  —6,  and  —12.  The 
whole  instrument  conld  be  placetl  in 
a  box  six  inches  long  and  two  inehes 
M'ide,  and  was,  therefore,  of  a  conve- 
nient size. 

Examples  of  elal:>orate  and  cura- 
bersonie  ophthalmoscoi>es  are  those  of 
Liebreich  and  the  so-called  Epkens- 
Dondt^rs  instmment. 

Liehreicli  deserib(?d  in  1855^  a 
**new  ophthalmos<*ope^'  i^^^-  ^)»  ^^ 
follows.  Two  telesc*oping  tulx*s,  ad- 
justable by  means  of  screws,  are  sup- 
ported by  a  stand  fastened  to  the  edge 
of  a  table.     At  the  ob,5erver*s  end  is  ^  ^ 

a  small,  concav^e,  movable,  pcTforateil 

min-or,  and  a  section  of  a  tulx^  is  removed  to  allow  the  light  of  a  lamp 
to  fall  upon  it  The  other  end  of  the  tube  at  the  jmtient's  eye  holds 
a  concave  lens  of  two-inch  fucal  Icngtli.  The  patient's  chin  iTsts  on  an- 
otlier  adjustable  stand,  and  the  head  receives  atlditinnal  support  from  a 
''claw/'  attached  to  the  tul>(%  in  whieli   the  foR'head   rests,      Tlie  liglit 

*  The<ine  der  Augenspieicel ,  Wien. 

*  Arcliiv  fiir  Ophthahnologie,  1 ,  2. 
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of  a  lamp  reflec'tal  from  tlie  mirror  along  the  tiilx*  into  tJie  patl«*nt*s  < 
gives  the  observer  the  nj>|Kjrtiiiiity  to  examine  the  fundiH  throagh 
hole  in  the  mirror,     8liatk\s  were  pW't^l  on  the  sides  of  the  lamp  in  snch 
a  manner  as  to  protect  the  non-used  eyes  of  the  imtient  and  physician*  j 
By  plaehijir  a  eamera  laeida  in  the  tiiW  at  the  observer's  end,  a  eorreitj 
picture  of  tlie  fundus  eould  Ix*  drawn  on  the  table.     It  may  be  noted  that 
Liebreieh  was  the  first  to  photograph  the  interior  of  the  eye  by  the  aid  of  I 
this  instrument. 

Auotlier  elaborate  instrument  was  that  of  Epkens-Donders,*    (Fig.  10.)l 
A  cubieal  box   held  diagonally  a  plain  mirmr  perforated  in  the  eeBtre;! 

this  mirror  eould  be  rotated  by  meaoai 
of   s<'i^w.s.      The    box    hud   0|ieningaJ 
on  three  sides,— one  opposite  the  rp-^ 
flettini^  surfiice  of  the  mirror  for  tlie 
patient's  eye,  one  behind   the   mirror 
for  the  obi?erver  looking:  tli rough  the 
lenses  of  a  Rekoss  disk  and  the  cen«fl 
tral  jXTfonition  into  the  fundus  of  tJie 
eye,  and   the  third    for  the  tube  that 
admitted    light    to   the   mirror.      The 
whole  instrument  was  fastened   by  aa  M 
adjustuble  stand    to   the    corner  of  aV 
table,   so    that   observer    and    patient 
eould    sit    oppojaite   and     facing    eaeh 
other,    with    the    instrument    between  — 
them*      The  li^ht-tube  had  at  its  ex«^ 
treraity  a  convex  lens  of  small  foeal  length,  to  eolleet  the  rays  of  a  lamp 
plaeed  opposite.      These    rays    struek    the    mirror,  and,  after  adju.stment 
of  the  instrument,  were  reflected  into  the  patieut*s  eye,  illuminating  Uie 
fiindns.     A  micrometer  screwed  into  the  end  of  the  light-tube  had,  when 
properly  focussed,  its  two  sharp   points  pictured  on  the   fundus,  and,  as 
the   tube  with   micrometer   could   be  turntil  on  its  own   axis,  an  exact 
measurement  of  all  spots,  changes,  etc,  could  be  obtained.     Ttien,  know- 
ing  the  distance   between   the  micrometer  puints  ond  the  length  of  the 
tube,  the  exact  size  of  blood-vessels,  uerve-liead,  and  diseolomtions  could 
be  determined.      A  camera  lucida  could  also  be  placed  at  the  observer's 
end  of  the  tube,  permitting  a  correct  drawing  of  any  desired  j>art  of  the 
fundus. 

Of  all  the  old  styles  of  ophthalmoscope  only  one  has  survived  un- 
changed and  is  made  and  sold  to-day  in  exactly  the  same  form  which  it 
had  when  first  invented,  Liebreich's  small  ophthalmoscope  (Fig.  11)  con- 
BiBte  of  a  concave  perforated  mirror  iasteiieil  to  a  liandle.  On  tlie  side  of 
the  mirror  is  a  movable  arm  with  a  lens-holder  fastened  in  such  a  way 

'  Verbeleiiiigea  an  dera  Oogspiegel^  Jiihrg,  iv,  181. 
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Fig.  11. 


that  the  Ifus  van  be  swung  close  beliiud  the  ui>eniiig  in  tlie  rairror.  A 
large  convex  lens  accompanies  tlxe  int^tniment  for  the  examination  of  the 
inverted  image,  and  other  smaller  ones  correct  the  refraction-error  of  the 
observer. 

While   the    diseuvery    of    the    opljtliahTioscope 
Btlmnlated  research  on  the  |ihysiolo)i:y  and  jiathology 
of  the  eye  by  means  of  artitieial  i  1  hi  mi  nation  ^  the 
knowledge  that  the  fiiodns  is  visible  wlien  the  eye 
is  immersed  in  water,  although  ignored  for  one  ami 
a  lialf  n'ntnries,  4^ine  in  for  its  share  of  attention. 
Czermak  *  devised   a  cup  for  this  purpo^i-,  wliieh 
be  called  the  orthoscope.     (Fig,  12.)     Two  of  its 
sidf^  were  made  of  metal,  and  two  uf  ghtss.     He 
surronnded   the  eye  to   be  examineil  with  a  thiek 
layer  of  dough,  filled  tlie  eiip  with  water  of  eighty- 
five  or  ninety  degrees*  temperature,  had  the  j*atient  lean  forward  and  close 
the  eye»  thc*n  the  edges  of  the  eup  were  j>ressed  intit  the  *lougli  to  prevent 
leakage.     After  this  the  eye  was  openetl  and  a  elear  examination  of  the 
fundus  was  obtained* 

Arlt'^  moditiwl  Czermak- s  <»rthos<:*ope  by  making  it  of  soft  rubber,  w*ith 
one  glass  side;  this  siinj^litiul  tlie  instrument  l>y  doing  away  with  the 
caml>erstjnie  dough,  and  yet  allowe<l  it  to  K>e  tiosely  ap|>liwl  to  the  eye* 
Coeeius  devisetl  a  eup  (Fig.  l*i)  the  rim  of  whieh  was  made  to  fit  tightly 
around  the  eve  and  the   bottom 

of  wbieh  was  made  of  glass  ;  tliis  ^'^-  '^^'  ^^**'  ^^' 

oould  \ye  held  to  the  eye  elose 
enough  to  permit  an  examiiuition. 
It  was  said  that  the  use  of  tlie 
orthoseoi>e  required  less  skill 
than  that  of  the  o|)hthalmose<ipe, 
although  more  disiignvable  to  the  patient;  and  that  in  c^ses  in  which 
eorneal  o]*aeities  were  to  In?  studied  carefully,  or  wdien  the  fundus  w^as  ob- 
d  by  an  irregularly  s!ia|>etl  eoruea,  the  examination  under  water  gave 

best  it^nlls.  These;*  instruments  are  of  little  interest  except  from  an 
hLitorieal  stand- point. 

From  1852  to  1858  tlie  so-railed  improvements  of  the  ophtlialmosenpe 
and  descriptions  of  new^  instruments  Ixx'ame,  as  it  were,  ejjidemre,  the 
number  of  new  forms  increasing  at  a  sin*|n'ising  rate,  every  country  con- 
tributing a  larger  or  smaller  share.  xVs  some  thought  that  monocular 
vision  ciiuld  not  be  m  accurate  as  binocular  visioiij  much  ingenuity  was 
wastcil   upi>n  the  invention  of  IjinrM-ular  instrnnients.      Aut4i-ophthalmi>s- 

',  an  idea  quite  early  broaehe<l  by  Cot^ius  after  the  original  disorjvery 

*  Prater  VioTtelj  ah rsseh  rift,  Bd.  xuii. 

'  I-ehrbuch  der  Krunkbdk»ri  des  memchliehcn  Auges,  WieHj  1856,  vol.  iii. 
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7  H^Imholtz.  wx-  fi.llowed  oat  and  zave  birth  to  a  long  acnes  of  more  w 
i-  oUverly  r.,QoeivHtl  aai,>.>phthalm.Deo>pcs-     Bat  w  time  imaeed  and  ^ 
b-t  of  prai^i.til  ii.'re  w.L.  appli*=^i.  the  many  combersome  fimns  and  uaeksB 
ar,rJifiratioD.^  were  ^l.wlv  but  surely  eliminated,  and  U^-day  they  are  intff- 
KinsT  only  h:-t..ririilly.  '  In  ^pite  .>f  this  there  are  to-day  probably  more 
lirfenrndy  nam^ii  ophthalin.:««?i  .pes  in  the  maikets  of  the  worM  than  there 
ire  of  any  oth»rr  f«»rm  of  in-trum^nt  C>r  a  single  parpoae,  not  even  excejl- 
ing  the  oWtrir-al  f.>n.-»5rp.r :  th»r  difference*  between  them  are  nmlly  mattm 
of  -jinall  moment.     A  ohan-^e  *'T  m«xlitication  never  eo  trifling  immedialdy 
prrxluces  a  ^>called  new  instrument,  named,  of  ooatse,  after  the  invwitor; 
iijied,  however,  as  a  nil*»,  only  by  the  student  and  followeis  of  a  paitkiuir 
ophilialmol«:»gi*t-      Sui-h  serve  well  en«>ugh  their  pnurposea  of  satisfying 
vanity  and  of  illiL-t rating  the  catali>irnes  of  enterprirwng  opiiciana. 

There  are,  h«iwevf r,  a  few  ophthalmoscopes  of  modem  invention  wnwh 
have  iiV>fA  the  test  of  time  and  have  reached  as  near  perJei^on  as  is, 
pfrrhaj^-,  jKrisible.    After  many  experiments,  the  illominating  powers  of  the 
ophthalmr»rvi,jie  have  lieen  clearly  perfected.    For  direct  observation  a  plane 
mirrr»r,  and  for  indire<.-t  a  concave  mirror,  is  now  almost  universally  ac- 
rjept^l.  although  sf>me  oljservers  prefer  a  weak  ct>ncave  to  the  plane  mirror. 
The  mirror  its^rlf  for  direct  work  is  either  hinged,  so  that  it  can  be  tilted 
frr>m  twenty  to  twenty-five  degrees  to  each  side,  or  made  to  revolve  at  any 
angle  (the  f«>rmer  method  preferable),  an  arrangement   that   permits  the 
infttnmunt  to  l)e  held  in  an  upright  |)osition  before  the  eye.     The  sight- 
hole  iri  now  always  made  circular,  the  lenses  fit  as  closely  up  to  it  as  pos- 
ftihle  wiihr)iit  interfering  with   free  movements,  and  in  this   manner  the 
lo^  of  light  and  distortion  of  rays  coming  from  the  patient's  eye  are 
rwlue^Kl  to  the  minimum.     S4»me  ophthalmoscoi>es  have  the  two  mirrors 
hingfr<l  in  such  a  way  that  either  can  \ye  swung  into  place  when  di«ired ; 
others  have  them  sei^arate,  so  that  one  must  be  taken  out  when  the  other 
is  waiitiil. 

The  iK-st  instniment  must  alwavs  he  that  which  under  all  conditions 
gives  the  lK-y*t  results  in  the  easiest  and  simplest  way  for  both  imtient  and 
oljwrvc'r.     LielmMch's  ophthalmoscoi^o  is  uudoubtediy  the  simplest,  but  the 
unhandy  ehauging  of  l(.ns<*s  makes  it  vcrv  inconvenient  for  even  approxi- 
mately exact  results.     Helmholtz's  instrument  with  the  Rekoss  disk,  while 
g^Hxl  enough  for  nuuth  work,  has  not  a  sufficient  numl)orof  lenses  to  admit 
ol*  ihlic-<ite  adjustments.      The  rotating  disk  that  holds  the  lenses  is  in 
its<'if  w'll'-liiniting  in  regard  to  the  munWr  of  glasses  it  can   bold  and 
y«d  remmn  of  convenient  size;  two  disks  with  different  lenses  moving 
ug:iinst  iiwh   otlu^  uUow  of  an  increasiKl   niunber  of  combinations,   but 
neeil  elahorate   uud  complex  mt^'hanieal   arrangements  to  facilitate  such 
H,nil>nuitionH   and  to  ..i^^ble  one  to  know   what   glasses   are    before   the 
ohwrver's  eyi*. 

Dr.  Uring,  of  Xew  York,  has  trial  to  overcome  the  difficulties  of  the 
double  disk  by  Imyj^g  ^^^^  ^\^^^^  ^^^^^^^^  lenses,— s^^en  ccmvex  and  eight 
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coucave, — giving  a  sutficitnt  variety  for  all  onlfuary  cases.  (Fig.  14.) 
To  this  he  addttl  a  tiuadmiit  of  ainither  disk  (Fig.  15),  which  held  two 
plus  and  two  niiuus  leniaes,  each  of  0.5  and  16  D  respectively.  Between 
these  two  he  was  able  to  obtain  any  jiossible  combination  of  lenses  that 
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could  be  called  for  at  any  time  in  ophthal- 
mic practice ;  bnt  in  order  to  have  the 
disk  hold  ^y  many  lenses  they  had  to  be 
very  tliin,  and  that  prtjved  a  mther  serious 
drawback,  necessitating  extra  care  in 
making,  in  centrings  and  in  cleaning  the 
lenses,  ^Vn other  disadvatUage  that  many 
find  in  using  this  instrument  is,  that  the 
surgeon's  index  finger,  in  operating  the  lie- 
volving  disks,  is  fretpiently  in  eoutaet  with 
the  patient's  nose,  tints  interfering  with 
freedom  of  motion. 

Dr.  Morton,  of  Loudon,  has  given 
us  what,  up  to  this  time,  may  l>e  held  to 
be  the  most  perfec^t  form  of  ophtlialmo- 
Rccognizing  the  limitations  of  the  single  as  well  as  of  the  double 
Uc,  he  discarded  Ixttli,  and  substitutcM.1  for  them  a  series  of  twenty-nine 
lenses,  mounted  sc*panitely  in  a  metal  ring  or  **  shell,'*  and  arrauged  in 
such  a  manner  tliat  they  just  touch  each  other.  (Fig,  16.)  One  ring  is 
left  w^ithout  a  lens,  and  the  whole  series  of  eighteen  convex  and  eleven 
cx)ncave  lenses  forms  an  eudh'ss  *"hain  which  is  turut^  luickwartl  and 
furwanl  with  the  greatest  ease  by  the  operator's  fingcfj  by  a  system  of 
ratcliet- whirls,  to  bring  the  right  lens  before  the  sight- hole  and  mark  its 
strength  at  the  same  time  t*n  an  index  in  nnmljers,  white  for  concave  and 
red  for  convex  lenses.  The  advantage  of  this  form  of  instrument  is  ap- 
parent* It  allows  the  insertion  of  a  practirally  nnliniitcd  number  of  lenses 
of  larger  diameter  and  thicker  glass,  and  yet  retains  the  simplicity  of 
movement  and  indexing  of  the  single  disk. 


^ 


b 


rat-Jipt-whwl  has  nniiul  prfiirations  fmm  one  to  tight  millimetres  " 
diameter,  forminjr  a  convfiiieut  l«i}>iU(iinoter. 

A  modification  of  the  Morton  instrument  (Fig.  17),  very  ooiumendable 
■8  r^sirclH  size  ami  pri.-e,  has  re,fntly  \>p^.n  [,rmight  out  in  Englautl  by 
Hawes,  of  Lon.lou.  It  contains  a  t  haiti  of  letiw-s— ten  minus  ami  ten  plus 
— givin}:  all  the  whole  diopters  from  one  u,  ivn  ;  it  lias  the  secondary  disk 
arme<1  with  -fO.o,  +10,  and  +20,  and  __qj^^  _j„  _2o,  and  —;30  diop- 
ters ;  it  has  a  hingcnl  attaehment  for  both  mirrors,  and  enu  lx>  jila^ed  in 
a  box  three  and  a  half  l>y  two  and  a  half  indies 

Th-  art  of  illnnouatinir  a.id  exa.niniuy  the  interior  of  the  living  eve,— 
ophthalm..se..py,— hkc  most  other  art«,  has  a  pracfieal  ami  a  theoK>tl«il 
aapect,  and,  as  in  those  other  art«,  one  may  uudersfaml  the  theory  without 
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Wog  able  to  cariy  out  the  practical  ajipUmtioo,  or,  vice  versa^  he  may  lye  a 
good  prartittil  ophthdmoscopist  and  know  little  abmit  the  tlirory.  It  is,  i>f 
ami^j  uiHiwt'S.s;irv  to  iii-gi*  the  a<lviiral)ility  of  the  inclusiouol"  both  parts  in 
any  complete  curriculum  of  Btiidy.  The  laws  of  catoptrics  and  of  dioptrii^, 
u|N:m  which  (heart  of  ophthalmoscopy  is  l»a.setl,  are  treate^l  in  the  first  %ujliuxie 
<»f  the  System^  and  in  tiie  suggestions  to  be  made  a  knowletlge  t»f  them  on 
the  pjirt  of  the  i^eatk^r  is  presupposed.  It  was  the  lack  of  8uch  knowledge, 
or  the  lack  of  a  simple,  pimlica!  apj>licatirm  <»f  it, — ^probably  the  furnier, 
^tbat  preventetl  men  so  hjug  from  nndcrstanding  why  the  pupil  is  black 
when  We  luok  into  it  in  the  ordinary  way,  and  also,  of  coura^^  that  pre- 

Fio,  17. 
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ventetl  them  from  at  onee  devising  the  ophthalmoaeope.  It  had  been  siiii- 
|Kised  that  the  ehorotdal  or  retinal  pigment  absorbeil  the  entering  light ; 
but  only  a  slight  experiment  was  rerpiirfxl  to  convince  one  that  there  is  no 
■  siibis^tance  so  "black"  as  to  absorb  all  the  impinging  light  and  reflect  none. 
All  that  was  net^Jtil  was  a  realization  of  the  consefjnences  of  one  of  the 
primary  laws  of  light, — ^namely,  that  it  is  partially  refiec*ttKl  back  from  a 
non-transparent  surftu^e  in  sneh  a  direction  that  the  angle  of  incidence  is 
equal  to  the  angk  nf  reflection.  If,  for  example^  a  glass  globe  containing 
a  gold-fish  is  tT^vered  on  all  sides,  ex(3ept  tlie  top,  witli  dark  cloth  (Fig. 
18),  one  looking  into  it  from  above  will  see  the  fish  plainly  ;  if,  however, 
the  covering  is  advanc^Kj  over  the  top  ef|nally  from  all  sides,  or  from  any 
one  side,  the  view  into  the  ghil>e  l>ecome.s  less  and  less  clear,  until,  when  only 
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a  circular  opening  one  or  two  inches  in  diameter  is  left  uncovered,  the  fish 
will  have  disapiiearetl  entirely  fnim  view,  and  the  interior  of  the  glolje 
will  iip|>ear  black,  althongb  light  enters  it  and  light  leaves  it ;  the  eye, 
when  i>laced  over  it,  will  be  either  in  the  pith  of  the  light  entering  or  in 
tlie  path  of  the  light  leaving  the  glolx* ;  and  as  the  rays  that  leave  are  tho^e 
that  have  entered  perpendicularly  from  above,  and  henoe  are  reflected  back 


JlQ.  18. 
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in  the  same  direction^  we  can  see  why  the  observer's  face  must  be  always  in 
the  way. 

The  human  eye  is  a  similar  glol>e,  with  a  small  opening — the  pupil — 
in  front,  through  which  the  interior  of  the  eye  must  usually  appear  blacL 
If  the  observer  manages  to  look  closely  along  the  diret^tion  of  a  ray  of 
light  entering  the  eye  not  quite  perpendicularly,  without  ob'structing  its 
passage,  he  may  catch  a  part  of  the  returning  my,  and  will  then  see  the 
fundus  in  its  natural  red  color.  But  the  light  that  entei"8  the  eye  is  made 
up  of  convergent  mys  which  under  normal  conditions  become  divergent 
in  leaving,  and  hence  the  obs4'r\"pr's  eye,  when  receiving  some  of  the  red 
glow,  can  see  no  moi*e  than  a  diffiiscd  cin^le  of  light,  never  a  distinct  image. 

The  first  object  of  the  ophthalmoswpc,  tliercfore,  was  to  insni^  an 
arrangement  tiiat  should  throw  a  my  of  light  into  a  jK^rsou's  eye  without 
having  the  observer's  head  in  the  way ;  the  sec^^nd  was  to  catch  the  return- 
ing rays  and  modify  them  in  such  a  way  that  tht*  ditTust^*  eir(*Ie  of  light 
should  be  changed  into  a  (*lear  image  in  the  observer's  eye. 

To  attain  the  fii*st  o!)je*:-t  was  a  simple  procedure  after  Helniholtz  liad 
shown  the  way.     Any  piec*e  of  smooth  plane  glass  will  do,     Rays  of  ligl 
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(Fig.  19)  coniiDg  from  L  are  thrown  on  the  mirror  Jf3/and  reflected  into 
the  eye ;  the  fact  that  a  large  amount  of  the  light  passes  through  the  mirror 
into  space,  and  only  a  small  amount  is  thrown  into  the  eye,  can  be  ignored 
as  having  no  bearing  upon  the  principle  under  discussion.     The  eye  in  this 


PiQ.  19. 
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wise  receives  a  quantity  of  light  coming  apparently  from  i',  and,  supposing 
the  eye  to  be  normal,  the  reflected  rays  leave  the  eye  so  convergent  that 
they  meet  at  i'.  The  observer's  eye  placed  anywhere  between  MM  and 
L'  will  see  the  red  glowing  pupil  of  the  patient^  but  no  more,  because  the 


Pio.  20. 
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rays  striking  the  eye  when  already  convergent  become  more  so  on  entering 
the  observer's  eye,  and  unite  in  front  of  the  retina.  (X,  Fig.  20.)  Helm- 
holtz  placed  a  concave  lens,  C,  behind  the  mirror  3/3f,  in  such  a  way  that 
the  convergent  rays  were  made  so  divergent  that  when  they  entered  the  eye 
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and  united  the  union  took  place  on  the  retina^  thus  changing  the  difiuae 
red  glare  into  a  clear  and  distinct  image^  and  the  observer's  eye,  O,  was 
able  to  examine  the  well-illuminated  fundus  of  the  patient's  eye,  P. 

To  increase  the  rather  weak  illumination  obtainable  by  the  plane  glass, 
a  silvered  plane  mirror  with  a  central  oj)ening  in  the  silvering  was  substi- 
tuted ;  and  later  a  concave  silvered  mirror  with  a  hole  drilled  through  the 
centre. 

But  the  fundus  of  the  eye  can  be  examined  without  the  aid  of  a  con- 
cave glass,  if  the  rays  (Fig.  21)  reflected  from  a  plane  mirror  into  an  eye 
are  made  to  strike  the  cornea  parallel,  by  holding  the  mirror  as  close  to  the 
eye  as  possible  without  interfering  with  the  illumination ;  then  these  rays 
are  brought  to  a  focus  on  the  retina  at  6,  if  the  eye  is  enmietropic.    As 


they  are  reflected  out  they  are  again  parallel  when  leaving  the  eye,  and  will 
strike  in  a  parallel  direction  another  eye  placed  close  behind  the  perforation 
in  the  mirror ;  and,  supposing  this  eye  to  be  also  emmetropic,  the  rays  will 
be  brought  to  a  fot'us  on  the  observer's  retina  at  a,  and  the  latter  will 
see  a  dear  image  of  the  patient's  eye-ground,  provided  both  have  relaxed 
their  accommodation  and  are  adapted  to  distant  vision. 

This  form  of  ophthalmoscopy  is  called  the  "  direct"  method,  and  gives 
to  the  observer  a  magnified  erect  image  of  a  limited  area  of  the  fundus. 
If  the  eye  to  be  examincil  is  myopic, — i.e.,  if  the  focus  is  in  front  of  the 
retina, — a  concave  glass  equal  to  the  ametropia  must  be  placed  behind  the 
mirror ;  if  hyi>ermetropic,  a  convex  glass  of  equal  power  must  be  used. 
The  observer's  eye  is  under  all  conditions  supposed  to  be  emmetropic,  and 
if  not  so  naturally,  the  proper  glasses  must  l)e  used  to  correct  the  existing 
error.  With  the  observei^'s  eye  in  normal  condition  and  with  relaxed  ac- 
commodation, the  spherical  lens  necessary  to  give  a  clear  image  represents 
approximately  the  error  of  refraction  in  the  eye  examined. 

The  "  indirect"  method  allows  the  examination  of  a  larger  part  of  the 
fundus,  but  does  not  magnify  the  image  as  highly  as  the  "direct"  method; 
it  may  be  explained  lis  follows  : 

Every  part  of  the  fundus  located  in  the  focus  of  the  refracting  media 
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of  the  eye  sends  out  rays  of  light  that  are  parallel  after  they  leave  the 
cornea,  (Fig.  22.)  Thus,  from  a,  there  leave  aa  and  aa;  from  6,  66 
and  66;  from  c,  cc  and  cc,  etc      A  convex  lens  placed  in  the  path  of 

these  rays  will  gather  cc  and 
^^^•22.         ^  ^  ^t  ^.   5^  and  66  at  6'; 

oa  and  aa  at  a',  producing 
at  c'6'a'  a  somewhat  en- 
larged "  inverted"  picture  of 
a6c,  which  the  eye  looking 
through  the  opening  of  the 
mirror  can  plainly  see,  pro- 
vided all  the  rays  have  been  properly  brought  to  a  focus, — t.e.,  if  the 
convex  lens  is  held  at  the  proper  distance  before  the  eye  and  the  observer's 
accommodation  has  been  thoroughly  relaxed.  For  this  method  of  exami- 
nation a  concave  mirror  is  used  in  most  cases  in  order  to  concentrate  the 
light  better. 

We  thus  have  five  methods  of  examining  the  eye:  1,  without  instru- 
ments and  by  the  aid  of  ordinary  daylight ;  2,  by  the  aid  of  the  ophthal- 
moscopic mirror  alone ;  3,  by  oblique  illumination,  either  with  or  without 
the  magnification  by  a  second  convex  lens;  4,  by  the  indirect  method; 
6,  by  the  direct  method.  The  first  three  methods  enable  us  to  examine 
the  anterior  parts  of  the  eye,  the  so-called  tutamina  oculi,  or  the  defensive 
and  protective  portions  of  the  lids,  eyelashes,  etc.,  the  conjunctiva,  cornea,  an- 
terior chamber,  iris,  pupil,  and  the  anterior  capsule  of  the  lens ;  and  in  case 
lenticular  and  vitreous  opacities  exist,  these  may  also  be  seen  by  one  or 
more  of  these  methods.  By  means  of  the  last  two  methods— ophthalmos- 
copy proper — ^we  examine  the  retinal  and  choroidal  structures  or  lesions. 

In  the  routine  clinical  examination  of  a  patient's  eyes  we  should  use 
each  method  seriatim.  Each  supplements  the  other,  and  by  one  may  be 
revealed  some  abnormality  that  the  other  would  not  show.  By  the  naked 
eye  alone  the  general  condition  of  the  anterior  structures  is  made  manifest, 
and  any  considerable  departure  from  normality,  such  as  strabismus,  bleph- 
aritis, corneal  leucomata,  shallowness  of  the  anterior  chamber,  immobility 
or  occlusion  of  the  pupil,  cataract,  etc.,  is  roughly  diagnosticated. 

Aft;er  we  have  thus  examined  the  eyes,  we  have  to  decide  whether  or 
not  we  shall  use  a  mydriatic  before  proceeding  with  the  examination  by 
the  aid  of  instruments.  This  decision  will  be  governed  by  many  con- 
siderations :  the  leisure  of  the  patient,  the  purpose  of  the  examination,  the 
expertness  of  the  physician,  the  probable  nature  of  the  malady,  etc. 

If  we  conclude  to  paralyze  the  iris,  we  must  not  do  so  until  we  have 
examined  the  pupillary  movements  and  made  notes  of  the  finding& 
pupillary  examination  is  often  more  important  than  that  of  the  w 
eye,  especially  in  diseases  of  the  cord  and  brain. 

In  patients  over  fifty  years  of  age  we  do  not  really  need  to  xm 
atic  in  order  to  diagnosticate  the  existing  errors  of  refi^action^  a 
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cases,  therefon?,  we  shall  mrcly  need  to  widen  die  pupil  for  purpose 
ophthalmoscopy.  There  are  also  other  cx)nilitiutis  io  which  the  mydriatic 
is  useless  or  mntm-indieiitedj  if  we  are  cxixTt  enough  with  the  ophthjdmo- 
scope  to  make  a  8iiti8fact4jry  examinsitioo  of  the  eye-ground  without  it j 
This  exijertnesfi  it  is  highly  desirable  to  obtain.  Without  a  mydriati<^] 
however,  it  is  ollen  extremely  diffieult  and  even  impossible  to  make  a  satis 
faetory  examiiiatiou  of  the  macula  region.  For  this  and  other  reasons  thtsl 
region  is  not  commonly  insjjectijd,  although  it  is  of  coui^se  one  of  the  mo8(^ 
irapoitant  parte  of  the  eye-ground,  if  not  absolutely  the  most  importaDt* 
If  %ve  find  It  im]xjssible  to  make  the  atx?urate  exami nation  we  desire  without 
mydriasis,  and  if  at  the  same  time  there  is  no  otiier  need  for  a  mydriatic 
than  for  purposes  of  ophtlialmoscopy,  we  may  use  a  weak  solution  of  hom- 
atropin.  One  or  two  instillations  of  such  a  solution  will  in  a  short  timti 
keep  the  iris  out  of  our  way,  and  the  consequent  jwiralysis  of  aeeomiDcxla-^ 
tion  is  slight,  or  will  last,  at  longest,  for  but  a  few  hours.  In  those  ea^es  i 
in  which  we  Avish  to  estimate  refractive  errors,  or  in  which  we  wish  to  use 
the  mydriatic  as  a  them  pent  ic  measure,  we  w^ill  of  course  use  either  atropin 
or  a  stronger  solution  of  honiatropin.  I  have  found  that  a  half-dozen 
instillations  during  an  hour  of  a  solution  of  honiatropin  of  a  strength  of 
ten  grains  to  the  ounce^  combined  with  oocain  of  the  same  strength,  almost 
always  gives  mydriasis  sufficiently  reliable  to  insure  corrcet  refraction  work,  i 
and  the  pamlysis  of  the  aocomraodation  passes  away  in  from  twenty  tofl 
thirty  hours.  ~ 

The  value  of  the  method  by  the  ophthalmoscopic  mirror  alone  is  chiefly 
to  reveal  opacities  of  the  transparent  media  of  the  eye,  and  especially  to 
manifest  tlie  existence  of  incipient  cataract.  By  reflttliug  the  light  in  side- 
ways, above,  or  below,  effected  by  changes  of  i>osition  of  the  surgeon  or 
by  instructing  the  patient  to  rotate  the  eye,  we  are  able  to  examine  tlie 
peripheral  pc»rtious  of  tlie  lens  and  detect  the  beginnings  of  cataract  in 
these  parts.  The  weak  illuminatiiiu  at  the  perijiberal  parts  of  the  retina 
does  not  arouse  such  energetic  contractions  ot'  the  iris  and  pupil  as  does 
the  stronger  central  illumination,  and  by  dexterity  we  are  able  to  see  the 
extreme  radial  parts  of  the  lens  in  a  non-mydriaticizetl  eye.  Opacities  in 
tlie  vitreous  humor  are  also  to  be  detected  by  means  of  the  mirror  alone, 
especially  in  mydriasis,  and  can  be  proved  stationary  or  **  floating**  by  a 
change  in  position  either  of  the  physician  or  of  the  patient.  If  floating,  we 
may,  as  it  were,  give  them  a  fillip  or  **  ocular  ballottcment,*'  as  I  have  named 
it,  by  asking  the  patient  to  look  upward  and  suddenly  again  straight  in 
front,  when  the  dark  particles,  having  been  thrown  upward  by  the  motion, 
will  be  seen  to  float  or  settle  downward  again  to  the  lower  parts  of  the 
vitreous  chamber. 

The  examination  by  oblique  illumination  is  carried  out  by  bringing  to  a 
foeus  n|>on  the  (X)mea,  et^L,  the  rays  of  a  strong  artificial  light  by  means  of 
a  lens  tf>f  two  or  three  inches'  focal  length.  (Fig,  23.)  The  structures  thus 
brilliantly  illuminated  may,  if  desirable,  be  examined  more  accurately  and 
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dosely  by  the  aid  of  a  second  lens  held  in  the  other  hand.  By  this  method 
we  may  detect  all  pathologic  conditions  of  the  cornea,  anterior  chamber, 
iris,  and  anterior  portions  of  the  lens,  such  as  corneal  leucomata,  onyx, 
hypopyon,  ulcers,  opacities  or  foreign  bodies  in  the  anterior  chamber, 
anterior  and  posterior  synechise,  occlusion  of  the  pupil,  anterior  polar  cata- 
ract, etc.      By   this   method 

also  it  is  determined  whether  ^^®-  ^^' 

the  reactions  of  the  iris,  the 
size  of  the  pupil,  etc.,  are 
normal  or  abnormal. 

A  convenient  method  of 
locating  several  opacities,  or 
of  determining  the  number 
present,  is  that  suggested  by 
Professor  Fuchs.  This  is  by 
means  of  what  he  calls  their  parallactic  movement  For  example,  the  ob- 
server's eye  at  A  (Fig.  24)  will  see  the  four  opacities  as  one;  with  the 
patient's  eye  remaining  fixed  and  the  observer's  eye  moved  over  to  -B,  the 
one  spot  will  resolve  itself  into  four  distinct  points,  1,  2,  5,  and  -^.  The 
same  parallactic  movement  helps  to  localize  the  opacities.  Any  opacity 
situat€d,  say,  in  the  centre  of  the  pupil,  on  or  near  the  anterior  part  of  the 
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lens,  will  retain  its  position  at  ^,  no  matter  whether  the  eye  views  it  front- 
wise or  sidewise ;  if,  on  the  other  hand,  a,  o,  and  rf,  which  seemed  to  occupy 
the  centre  of  the  pupil  with  the  observer  in  front,  are  looked  at  sidewise, 
they  each  change  position  in  a  definite  way :  the  opacity  at  1  travels  in 
a  direction  opposite  to  that  taken  by  the  observer's  eye  over  to  the  margin 
of  the  pupil, — i.6.,  it  is  situated  in  front  of  the  lens ;  the  other  two  take  the 
same  direction  as  the  observer  and  travel  over  to  the  opposite  margin  of 
Vol.  IL— 6 
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the  pupil, — they  are  situated  IjehiDcl  the  anterior  surface  of  the  leDS,^ — and 
tbe  more  rapidly  they  travel  the  farther  back  in  the  eye  the  opacity  id 
locatal. 

When  the  crystalline  lens  is  normal,  and  especially  in  the  young,  its 
presence  cannot  W  demoBstrate<l  by  the  opiithalmoseope,  but  with  oblique 
illumination  light* reflexes  can  be  obtained  from  the  anterior  as  well  as  from 
the  posterior  surface.  Care  not  to  mistake  this  reflex  must  be  exercised  in 
this  form  of  exarainationy  because  at  times  the  strong  light  will  give  to  the 
lens  a  grayish  apjx'arance,  a  slight  opacity  that  may  suggest  the  beginning 
of  cataract,  especially  if  the  patient  be  of  the  cataract  age*  In  old  people 
the  anterior  capsule  incrtuses  in  opalescence,  which  is  in  a  sense  physiologic, 
and  which  at  least  is  not  (?ataract. 

Ophthalmoscopy  by  the  indirect  method  re<|uires  the  twelve-inch  oph- 
thalmoscopic mirror  and  a  condensation  lens  (or  biconvex  lens)  of  about 
two-inch  focal  power.  The  light  is  placed  a  little  behind  the  head  and  a 
little  towanls  the  side  of  the  eye  to  be  examinnL  A  simple  rule,  of  service^ 
at  least  to  beginners,  by  either  method  of  ophthalmoscopy,  is  that  the  rays 
from  behind  shall  strike  the  eyelashes  on  the  temiwral  side  of  the  eye  to  be 
examined,  without  illuminating  the  cornea.  The  patient  directs  his  gaze  in 
front,  %vhile  the  pliysician  stands  a  little  to  the  side.  Holding  the  mirror 
in  his  right  hand,  close  to  his  own  right  eye  and  alx»ut  a  foot  from  that  of 
the  patientj  the ol>server,  looking  through  the  ai^ertureof  the  mirror,  reflects 
the  light  into  the  pupil,  and  the  n>seate  glow  of  the  fundus  appears.  The 
lens,  held  between  the  thumb  and  the  index  finger  of  the  left  hand  (the  little 
finger  resting  on  the  patient's  foi^head  or  temple),  is  now  interposed  in  the 
path  of  the  illuminating  rays,  and  at  a  distance  of  two  or  three  inches  irom 
the  observiKi  eye.  Tlie  rays  returning  from  the  fundus  are  thus  brought  to 
a  focus  Ijctivecn  the  observer's  eye  and  the  lens,  and  an  aerial  image  is 
formed  of  a  large  portion  of  the  eye-ground.  More  periphemlly  lying 
portions  of  the  fundus  are  brought  into  view  by  directing  that  the  eye  be 
moved  laterally,  vertically,  etc.  To  examine  tlie  left  eye  the  patient  is 
directed  to  look  to  the  left  of  the  physician,  thus  avoiding  a  change  of  ^ 
position  either  of  the  light  or  of  the  patient's  body.  f 

The  chief  advantage  of  this  method  of  ophthalmoscopy  lies  in  the  fact 
that  a  larger  area  is  ol>s<^rved  at  one  glance  than  by  the  direc»t  method.  We 
see  the  fundus,  as  it  were,  almost  as  a  W'hole,  The  nuignification  is  about 
five  or  six  diameters,  varying  accoi-ding  t*)  the  strength  of  lens  used,  while 
that  of  the  dire<?t  method  is  from  sixtt^n  to  eighteen  diameters.  Tlie  close 
proximity  of  face  to  face  rcHjuired  by  the  direct  method  is  also  avoided  by 
the  indirect  method,  a  thing  that  is  sometimes  de^siinible. 

The  chief  disadvantage  of  the  indircH^t  method  as  c<:tmpare<l  with  the 
direc^t  is  that  it  gives  a  much  more  ixuirly  defined  image,  the  shai^p  details 
and  more  intimate  nature  of  lesions  not  being  clearly  brought  out.  While 
it  may  be  used  sometimes  when  the  nther  mcthtxl  is  not  so  available,  diag- 
noses made  by  it  must  be  more  rough,  geneml,  and  doubtftiL 
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The  dir^'t  method  of  ophthalmc*s€opic  examination  is  carried  out  by 
means  of  the  mo<IeTn  ophthalmo!*c'ope  alone,  and  will  always  lye  relied  ujvon 
to  give  the  more  acrurati*  reports  of  the  condition  of  the  living  eye  it.self 
and  of  the  indications  of  systemic  conditions  to  be  gained  from  the  ocular 
stat<\  It  is  practised  by  means  of  the  light  placed  a^  in  the  indirect  im^thiKl, 
relatively  to  the  patient  and  physician.  It'  the  physician  is  taller  than  the 
jiatient,  considerable  time  and  tnmble  will  be  spared  by  making  tlie  exam- 
inations with  botli  standing.  The  light  ranst  be  a  stendy^  clmr,  white-light 
flame.  To  examine  the  right  eye,  use  the  right  hand,  tilt  or  turn  tlie  mirror 
so  that  its  surface  shall  be  at  right  angle8  to  the  impinging  light,  aiul  place 
the  instrument  close  to  the  observer's  eye.  Standing  about  a  foot  away,  fix 
the  patient's  gaze  in  a  direction  forward,  so  that  his  axis  of  vision  and  that 
of  the  physician  shall  form  an  angle  of  about  fiftet*n  degrees,  and  reflect  the 
light  into  the  pupil  of  the  obser\'ed  eye.  When  the  fundus-glow  appears, 
keep  it  in  view  while  advancing  rapidly  until  within  an  inch  or  less  of  the 
observed  eye.  It  is  well  to  warn  beginners  in  the  use  of  this  method  to 
imagine  that  they  are  looking  at  an  object  a  foot  or  more  away,  thus  not 
arousing  accommodative  effort.  If  the  oliserver  have  a  considerable  error 
of  retraction,  this  most  Ix*  neutralized  hy  bringing  one  of  the  lcnst*s  of 
the  Rekoss  disk  into  position.  If  tlie  patient  have  an  error  of  refraction, 
it  must  be  neutralized  as  nearly  as  possible  in  the  same  way^  in  order  to 
bring  out  sharply  all  details  of  the  fundus^  In  this  way,  indec<l,  may  be 
roughly  estimated  the  kind  and  the  dcgrt^e  of  the  patient's  error.  For  this 
purpose  the  papilla  is  not  the  proper  objci^t  upon  which  to  fix  the  attention, 
because  this  may  not  be  of  tlie  same  level  as  the  retina.  The  l)cst  objects 
for  this  purpose  are  the  finest  mpillaries  or  the  delicate  structural  jxh-uU- 
arities  of  the  retina  or  choroid  in  the  neighlxirhoml  of  the  macula  region. 

To  examine  different  parts  of  the  fundus  rcM|uircs  a  synchronous  adjust- 
ment and  direction  of  the  light- reflex  and  of  the  gaze  to  the  part  tlcsired. 
It  is  well  also  to  use  the  left  hand  upon  the  back  of  the  patient  s  head  to 
hold  it  in  position  and  to  move  the  head,  in  order  to  keep  the  light  i^flt?cted 
ID  the  direction  desired. 

To  examine  the  left  eye  the  instrument  is  held  in  the  left  hand,  and 
the  relative  positions  of  the  light,  the  physician,  and  the  patient  arc  cor- 
respondingly changed. 

If  the  refracting  media  of  the  eye  are  normal,  they  are  transparent  and 
invisible  when  we  examine  the  eye-ground  with  the  ojjhthalraoscope.  If 
either  cornea,  aqueous  humor^  crystalline  lens,  vitreous  humor,  or  i-etina 
lxx!ome  visible,  we  have  to  deal  with  pathologic  conditions,  Thew  is,  per- 
haps^ no  problem  more  puzzling  to  the  young  ophthalmologist  than  that  of 
deciding  whether  the  peculiarities  of  an  observe^l  eye-ground  are  physio* 
logic  or  pathologic.  The  normal  or  plivsiologic  differences  are  so  infinite 
in  variety  and  extent  that  any  attempt  to  des4Tibe  tliem  would  be  absurd. 
Tlie  expert  eye  and  judgment  recognize  at  a  glance  a  peculiarity  as  physio- 
logic that  is  glaring  and  astonishing  in  its  anomalousness  and  boldness,  and 
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it  is  only  after  ytiirs  of  practice  and  a  |>efiiliar  sensitiveness  of  pei^sonality 
and  fXTceptioti  that  even  they  recognize  some  trifling,  aloiost  invisible,  fleet 
ing  or  evidence  of  morbidity  that  reaches  to  brain,  heart,  or  kidney  for  its 
origin,  and  tlie  cn'uhir  warning  of  which,  tluis  early  thrown  out  and  early 
recognized,  riiay  mean  tlie  j^aving  of  the  patient's  life, 

Xo  two  opiithalmo.scopic  pirtnrc^  arc  alike,  every  one  being  as  different 
from  every  other  as  are  faces.  This  gives  jK^rennial  interest  to  the  work 
of  the  ophthalmosccjpist,  Jnr?t  as  the  student  of  ps^ychcjogy  finds  in  every  ' 
physiognomy  a  new  expression  of  tlie  infinitely  subtle  and  variant  life  witiiin 
and  behind  all  tac^es,  so  in  every  eye-gronnd  the  ophthalniosec»pist  finds  some- 
thing new  that  challenges  interest  and  inquiry-  This,  as  I  liave  said^  is 
true  even  of  eye-grounds  the  difference's  of  which  are  normal  or  physiologic; 
but  when  there  are  addwl  tlie  variations  that  are  jiathologio  in  origin,  the 
interest  <if  the  physician  is  more  than  doul>kKl, 

tVingenital  ancmialies  must  also  be  distinguished,  in  order  that  they  may 
not  lie  tYiiif*nind«l  with  acute  pathologic  abnormalities  and  thus  lead  to 
errors  in  diagnosis.  |l 

Perhaps  the  most  commonly  encountered  condition  of  this  class  is  tliat 
of  opaque  nerve-iibres.  As  the  light  has  to  j>enetrate  the  nerve-fibre  la>er 
of  the  retina  in  order  to  reach  the  rods  and  eone^, — the  ultimate  organs 
intermediating  the  transformation  of  ethereal  vibrations  into  neural  vibra- 
tions,— ^it  is  evident  that  this  stratum  must  be  higlily  transjKircnir.  In 
the  optic  nerve  each  fibre  of  the  sevei-al  hundred  thousand  is  insulated 
from  its  neighbors  by  an  encasing  material  called  the  white  substance  of 
Schwann.  This  myeline  sheath  is  normally  ni>t  continuetl  beyond  the 
entrance  of  the  fibres  into  the  globe,  but  when  it  is  so  coiitinut^  the  exten- 
sion upon  the  retina  betoraes  opbthalmoseopically  brilliantly  manifest,  and 
the  **  opaque  nerve-fii>res"  are  seen  as  feather-eilgedj  somewhat  HiinK'- 
shajX'd  or  cloud-like,  opaque  white  striated  patches,  continuous  with  the 
papilla,  extending  from  it  outward  ujxjn  the  retina  in  the  direction  of 
the  course  of  the  filires  for  variable  distances,  and  of  ever-vaiying  forms. 
The  fact  ser\^es  to  increase  the  area  of  the  **  blind  spot,"  normally  limitinl 
to  that  of  the  iiajiiUa;  but  I  have  not  observed  any  inconvenience  from 
this  to  the  patient,  however  extended  tlie  region  of  the  retina  thus  invaded. 
The  condition  is  sometimes  liable  to  be  mistaken  ibr  albuminuric  retinitis, 
posterior  sta])hyloma,  or  an  enlarged  conns. 

Noteworthy  **  cupping  of  the  disk"  is  not  infi"^quent,  and  may  closely 
simulate  the  early  stages  of  the  pathologic  or  atrophic  excavation  due  to 
glaucoma ;  it  is,  however,  not  so  deep  nor  so  broad  as  the  glaucomatous 
variety.  At  the  bottom  pf  the  cupping  a  mesh- work  of  fibres  called  the 
lamina  crtbrma  is  to  be  sec*n  when  brought  into  ftK?u8  by  the  proj>er  leng 
of  the  ophthalmoscope.  The  ve^si'ls  curl  over  the  edge  of  the  depression, 
where  they  show  darker  because  looked  at  along  the  line  of  flexure,  are 
sometimes  temporarily  lost  to  view  as  they  cling  to  the  sides,  and  reappear 
again  upon  the  floor  of  the  excavation* 
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Coloboma  of  the  choroid  is  more  rarel}^  met  with,  but  presents  a 
strikiDg  object.  It  is  due  to  a  developmental  fault,  ami  at  the  same  time 
may  extend  to  one  or  more  other  structures  of  the  eye,  such  as  the  optic 
<lisk,  i-etiua,  ciliary  IkkJv,  lens^^  or  iris.  The  rent  or  aljseiice  of  the  i>ig- 
mented  structurea  of  the  fuudus  permits  an  unimpeded  view  of  the  white 
sclerotic,  which  thus  boldly  stands  out  as  a  i^harply  defined,  dead*white 
])ateh,  usually  in  the  lower  part  of  the  fundus,  of  varying  area  and  shat>e, 
travensed  by  the  choroidal  and  ciliary  vessels,  and»  if  the  retina  does  not 
participate  in  the  anomaly,  by  those  of  the  retina.  Sometimes  in  the 
white  space  there  ai^e  pigment  heapings  or  other  color-changes* 

Persistent  of  the  hyaloid  artery,  or  rather  of  remnants  of  it,  also 
occurs  in  a  very  small  j>roijortion  of  cases* 

The  fundus  of  the  eye  of  the  albino  offers  a  congenital  abnormality  of 
jieeiiliar  and  palhotic  interest.  The  failure  in  the  secretion  of  the  otndar 
pigment  is  of  the  same  mysterious  natiux*  as  that  of  the  skin,  the  hair, 
etc.  The  iris  is  aflFeeted  in  the  same  way,  the  iris-defect,  in  ray  opinion, 
constituting  the  chief  source  of  origin  of  the  sufferings  of  the  albino.  The 
light  shines  through  the  iriSj  thus  pi-eventing  its  chief  function,  viewetl  as 
a  camera,  of  sharp  delinition  and  foadization  of  the  image  upon  the  retina, 
with  resultant  amblyopia  and  photophobia.  The  eyeball  is  rotatc<i  and 
vibratt*d  from  side  to  side,  vainly  seeking  a  more  clearly  definetl,  shade- 
bordered  image,  thus  inducing  nystagmus.  The  lids  seek  to  replace  the 
^lo6t  function  of  the  iris,  and  this  sjiasniodic  crushing  of  tlie  globe  produces 
Ugh  degrees  of  astigmatism  and  other  forms  of  ametropia.  Ophtlialmo- 
Bsopically,  die  albinotic  fmidus  is  but  a  more  accentuated  form  nf  the  same 
picture  seen  in  the  eye  of  a  pronounced  blonde.  The  pinkish  pallor  and 
transjjarency  of  the  background  j>crmit  the  tracery  of  the  cfionndal  vessels 

I  to  be  plainly  seen,  while  the  retinal  vessels  stand  out  with  iT'markable 
clearness. 
With  the  ever-varying  pigmentation  of  the  retina,  extending  from  the 
entire  lack  of  it  in  the  albino  to  the  black  rippled  or  densely  stippletl 
darkness  of  the  negro,  we  pass  from  the  qut^tiou  of  positive  abnormalism 
to  variations  that  are  simply  ]>hysiologic.  The  rich,  rosy,  glowing  hue  of 
the  eye-gn^>und  is  due  to  reflection  of  the  light  from  the  choroidal  capilla- 
ries and  their  cHjntaintHl  blood,  mfKlilied^  of  coui^e,  by  the  general  degree 
of  pigmentation. 

The  most  striking  object  of  the  normal  fnndus  is  the  disk,  or  papilla, 
etimes  also  calleil  the  nerve-head.  It  is  tlic  intm-ocvdar  ending  of  the 
optic  nerve,  and  is  really  about  one  and  three-<jnarters  millimetres  in  diam- 
eter, appearing  by  the  direct  metlttid  aljout  sixteen  times  its  actual  size.  Its 
whiteness,  usually  more  pronoun wd  at  tlie  temporal  side,  is  <lue  to  the 
myeliue  sheathing  of  the  fibres,  whii^i  is  discontinued  at  the  papilla  bonier, 
the  fibrils  there  becoming  transparent.  The  slightly  |)inkisli  hue  is  due 
prineij>ally  to  the  capilhirit»s  supplying  it  with  blood.  The  disk  is  sitnat<xl 
a  little  to  the  nasal  side  of  the  vitreous  chamber,  and  is  usually  circular  in 
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form,  though  occasionally  somewhat  oval,  with  the  long  diameter  in  the 
vertical  axis.  Higli  degrees  of  a^stlgraatism  prcKltiw  apimreiit  abnormalities 
of  form,  according  to  the  type  of  the  astigmatic  defect,  and  high  degrees  of 
hy permctropia  and  of  rayopia  pr^xliice  the  corresponding  api>earance  respec- 
lively  of  an  abnormal  small ness  or  largeness  of  it^:*  diameter. 

The  disk  is  usually  surrounded  by  a  tiny  marginal  ring,  sometimes 
pigmented^  and  calletl  the  scleral  or  connective-tissue  ring,  formed  by  a 
partial  or  complete  oi>ening  of  the  choroid,  which  allows  a  ring  of  sclerotic 
tissue  to  shine  through.  At  the  margin  of  this  ring  is  usually  another 
ring-like  pigmentiition  of  the  choroidal  edge,  callctl  the  choroidal  ring. 
These  rings  must  not  Ijc  confounded  with  the  pathologic  conditions  called 
conus,  myopic  crescent^  posterior  staphyloma,  etc. 

From  the  central  depression  of  the  papilla  rise  the  branches  of  the 
central  artery  of  the  retina,  spreading  in  their  suWi visions  towards  all  the 
|iarts  of  the  retina,  and  to  it  also  ctuivei^e  the  veins.  These  vessels  by 
direct  ophthalmoscopy  seem  to  be  so  large  that  we  can  hardly  realize  that 
they  are  in  reality  only  from  two-fifths  to  three-fifths  of  a  millimetre  in 
diameter,  Tlie  arteries  are  lighter  in  color  and  more  toituons  than  the 
veins,  are  aljout  one-third  smaller,  and  usually  jmss  over  the  veins.  The 
central  white  streak  or  line  of  light-reflex  from  them  is  more  marked  and 
more  regular  than  in  the  veins.  The  arteries  often  pass  spimlly  around 
the  veins  once,  or  even  twice,  near  the  disk.  As  the  veins  dip  down  over 
the  edge  of  the  cup  of  the  disk,  a  distinct  [nilsator)'  movement  is  frecpiently 
seen  at  this  point  syucln^onous  with  the  ciiitliac  l>eat.  This  phenomenon — 
the  venous  pulsation — is  physiologic,  and  should  not  be  confijunded  with 
the  rare  pathologic  pulsation  of  the  arteries  in  the  same  position.  The 
division  of  the  main  central  artery  into  two  brandies,  the  superior  and  the 
inferior,  usually  wcnrs  before  its  emcrgent»c*  uj>on  the  papilla,  and  tlicse  two 
principal  trunks  undergo  dichotomous  suMivision  into  temiwnil  and  nasal 
branchrs,  and  othei-s,  as  they  progress  towards  the  i>eripheral  parts  of  the 
retina.  OirresfKHidiug  coalescences  of  the  pcriijlieral  capillaries  of  tlie 
veins  ocqir  in  approaching  the  disk,  until  all  unite  in  the  two  chief  trunks 
that  enter  the  optic  nerve  by  the  side  of  the  arteries.  Sometimes  the 
central  artery  of  the  ojitic  nerve  may  subdivide  after  its  exposure  upon  the 
disk,  or  the  sujierior  and  inferior  branches  of  the  vein  may  unite  before 
disappearing  from  view. 

xVlthtuigli  not  by  any  means  so  striking  an  otiject  as  the  disk,  the 
macula  is,  as  reganls  the  eye,  per'  sc  the  most  important  rt^giou  of  the 
fundus.  It  lies  about  a  disk-diamctcr,  or  two  millimeti"es,  from  the  disk, 
temporally,  and  is  rwognized  only  by  a  slightly  darker  tint  than  the  adja- 
a^nt  retina,  and  hy  an  entire  absi^nce  of  larger  vessels  and  the  disapjwar- 
anceof  the  small  capillaries  at  this  point.  It  was  called  the  yellow  spot  by 
the  early  anatomists,  who  saw^  it  after  death  only.  In  life  its  tint  as  seen 
by  the  ophthalm*iS4'0|ie  is  not  yellowish,  but  is  only  a  little  mom  deeply 
pigmented  than  the  rest  of  the  retina.     The  size  of  the  macula  varies  con- 
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siderably^  if  this  somewhat  indeterminate  region  can  properly  be  termed 
measurable^  but  it  is  commonly  slightly  larger  than  the  disk^  somewhat 
oval,  with  the  long  diameter  horizontal.  It  is  sometimes,  and  especially  in 
the  young,  surrounded  by  a  "  halo,^^  or  shimmering  ring  of  light,  due  to  a 
reflection  from  the  slight  depression  or  compression  of  the  retinal  elements 
which  constitute  the  macula  and  fovea.  In  the  centre  of  this  region  is  the 
pit  or  depression  called  the  Jofi^ea  centralisy  often  almost  or  quite  invisible, 
sometimes  seen  as  a  tiny  spot  of  lighter,  glittering  coloration.  The  fovea 
is  the  point  of  retinal  contact  of  the  visual  axis,  and  constitutes  the  retinal 
intermediary  of  the  most  minute  and  perfect  vision.  Here  the  less  essen- 
tial or  contributory  elements  are  reduced  to  their  lowest  number,  and  the 
essential  ones,  the  rods  and  cones,  are  packed  into  closest  proximity. 

In  children  there  is  sometimes  seen  a  shimmering,  ill-defined,  glittering 
reflex,  glancing  along  the  vessels  and  over  the  fundus  with  the  move- 
ments of  the  ophthalmoscopic  mirror.  It  is  certainly  not  pathologic. 
For  obvious  reasons,  it  has  been  called  the  watered-silk  or  shot-silk  phe- 
nomenon.    Its  cause  has  not  been  definitely  ascertained. 
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OPTICAL    PRINCIPLES. 

The  theor}''  of  the  ophtlialmosiJope  as  originally  worked  out  by  Helm- 
holtz  recognized  the  relation  of  dirwt  and  inverted  images  of  the  fundus, 
and  the  seeing  of  an  erect  or  an  inverti^il  image  when  tin*  eye  was  luoked 
at  from  .some  little  distxinee,  without  tbf  intervention  of  a  leuB,  has  from  the 
first  been  ranked  among  the  important  signs  of  hyperopia  or  myopia  io  tlie 
ophthalmoseopie  examination.  The  direct  inetliotl  of  ophthalmoscopy  tleals 
with  an  erect  enlarged  image  of  the  fundus,  apparently  situated  behind  the 
eye,  such  an  image  as  is  obtaintn^l  with  the  simple  mieroseope,  the  onlinary 
magnifying  gla^ss.  The  indirect  mrtbod,  on  the  other  hand^  works  with 
an  inverted  image  of  the  fundus  formed  in  front  of  the  eye,  either  Uy  the 
dioptric  media  alone,  as  in  liigb  myopia^  or  by  a  strong  convex  lens  placed 
belbre  the  eye,  as  in  other  states  of  refraction.  In  the  highly  myopic  eye 
an  erect  image  can  be  seen  if  the  observer  place  bis  eye  close  enough  to  the 
observed  eye,  although  this  image  will  be  iudistini't  unless  the  light  irom  it 
be  made  to  focus  on  the  observer's  retina  by  the  use  of  the  appropriate  con- 
cave lens. 

Reverml  of  the  Image. — In  any  eye,  therefore,  the  use  of  the  ophthal- 
moscope at  short  enough  distance  revLids  an  erect  image  of  the  fundus,  and 
in  any  eye  from  a  greater  distance  one  may  obtain  an  iuvert<xl  image  by 
rea<?oo  of  its  own  myopic  refraction,  or  by  the  artificial  myopia  eliected  by 
tlje  use  of  a  convex  lens. 

This  is  illustrated  by  Fig.  1.  The  direction  in  which  a  certain  portion 
of  the  fundus  appt^ars  to  be  kK'atcd  is  determined  by  the  direction  in  which 
a  ray  from  it  falls  ujkio  the  nodal  point  i>f  the  observer's  eye*  In  the  figure 
let  A  and  B  represent  points  upon  the  iTtina  of  the  patient,  and  M  and  N 
points  outside  of  the  eye  from  which  the  mys  would  be  fiicnsscNl  U|K"*n  A  and 
£,  or  to  which  tlie  rays  from  ^1  and  B  are  fbcussed  as  they  pass  outwaixl. 
When  the  surgef^n  places  his  eye  with  its  nodal  point  at  N,  the  ray  which 
reaches  that  nodal  point  from  A  is  one  that  passes  through  the  upper  part 
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of  the  pupil  and  is  turned  downwaril  :  hence  from  this  position  the  point 
A  of  the  retimi  will  appear  to  be  situatecl  iu  the  direction  of  a^  in  the  upper 
part  of  the  pupil.  The  ray  which  reaches  the  nodal  point  from  B  is  one 
which  passes  through  the  lower  part  of  the  pupil  and  h  turned  upwaitl : 


Fta  1. 


J(. 


hence  J5  appears  to  be  situated  at  the  lower  part  of  the  pupil  in  the  direc- 
tion A*  That  is,  eoniparing  the  two  points  A  and  />\  the  one  whirh  is  really 
above  apiK^n'S  to  be  alwve,  and  the  one  which  is  Finally  below  apjieiirs  to  be 
l>eIow.     The  retina  is  then  seen  in  the  erect  image. 

If  now  the  sui-geon  places  his  eye  Ix^vond  the  distance  of  M  and  N  for 
which  the  |iaticnt*s  eye  is  l(>cussed,  say  with  his  mxlal  point  at  8\  the  ray 
wliich  reaches  his  nodal  point  fmm  the  points  is  now  one  which  passes 
through  tlie  lower  paH  i>f  the  pupil  and  is  turned  upward,  so  that  the  point 
A  rippcam  to  be  situatinl  in  the  lower  part  of  the  pupil  at  a'.  On  the  other 
hand,  the  ray  coming  from  B  to  his  nodal  point  is  one  passing  through  the 
upper  i^ail  of  the  pupil  and  being  turned  down,  so  that  B  now  appears  at 
the  upper  part  of  the  pupil  in  the  direction  of  i'.  That  is,  the  point  which 
is  really  liighcr  un  the  retina  a]>{>ears  at  the  lower  part  of  the  pupil,  and  the 
lower  jjoiot  at  the  upper  pait  of  the  pupil.  The  retina  is  seen  in  the 
invcit*-*!  image. 

Anotlicr  way  to  think  of  this  matter,  less  analytic  but  perhaps  easier 
to  understand,  is,  that  when  the  surgeon  is  closer  to  the  eye  than  31  and  N 
he  sec^s  an  erect  image  back  of  the  eyt\  but  when  he  gets  Wyimd  J/ and  N 
he  has  Ut  look  at  tlie  inverted  image  which  is  formed  at  31  and  N. 

Thr  jvoint  at  which  the  change  from  the  erect  to  the  invertetl  image 
<K*i:'U rs  is  the  |K>iut  for  which  the  eye  is  focussed,  either  by  its  own  refraction 
i(r  by  tlmt  of  the  lens  bctbre  it, — the  conjugate  focus  of  the  retina^ — the  far- 
|Kjiut  ibr  the  myopia,  natural  or  artiticiab  To  know  the  distance  of  this 
[joint  fn»ni  the  eye  is  to  know  the  focal  distance  of  the  lens  which  will 
fmrrn-t  the  myopia*  and,  therefore,  to  know  the  error  of  refraction  present. 

Skiasropy  furnislics  us  a  ready  and  atTurate  mrans  of  determining  the 
hMiition  of  this  point  where  the  change  from  the  erect  to  the  inverted  image 
o^M'urH, — this  point  which  I  ha%^c  termed  the  point  of  revcrsai. 

Monmt'Hf  of  Light  an  the  Retina. — If  one  attempts  to  locate  the  point 
of  n'Vti^^^al  by  the  ordinary^  ophthalmoscopic  examination,  he  finds  that  as 
it  IM  u|i|u\iarhe<l  the  images  of  the  fundus  l^ecome  difliise  and  indistinct,  so 
tluit  fur  a  i'nnsidcral>le  distance  on  cither  side  of  this  point  it  is  impossible 
tu  dt'termiue  wlxether  the  image  seen  is  erect  or  inverted. 
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Skiascopy  avoids  all  attempt  to  see  any  details  of  the  fundus  of  the  eye 
distinctly,  and  indicates  ulitther  the  iiuaj^e  is  erett  ur  in\^erted  simply  by 
the  direction  of  the  movement  of  light  and  shade  in  the  pupil.  It  the  light 
on  the  retina  removes  from  A  to  B^  it  will  appear  to  move  upwaril  when 
the  image  is  erect,  downward  when  it  is  inverted  ;  so  that  if  one  knows  in 
which  direction  it  really  moves,  he  has  only  to  observe  the  direction  tA'  its 
apparent  movement  in  the  pnpil  to  determine  whether  it  is  an  erect  or  an 
inverted  image  that  he  sees,  and,  by  making  the  test  at  various  distances,  he 
can  determine  where  the  change  from  the  erect  to  the  inverted  image  occurs, 
and  measure  the  distance  of  this  point  from  the  eye. 

The  movement  that  is  to  be  watched  is  the  apiiarent  movement  of  an 
area  of  light  on  the  retina.  This  movement  is  brought  about  by  changing 
the  angle  of  the  ophtlialruoseopic  mirror  (usually  a  special  form  adapted  to 
skiascopy),  so  that  light  ialling  on  it  at  different  angles  is  reflected  iuto  the 
eye  from  slightly  different  di recti ons.  TIjIs  movement  was  early  employed 
by  Bowman  for  the  detection  of  irregular  astigmatism.'  He  also  pointed 
out  that  it  frerpiently  revetikHl  the  presence  of  regular  astigmatism  and  the 
direction  of  its  chief  meridians.'^  The  recognition  that  this  manceuvre  was 
capable  of  development  into  a  distinct  mcthtxl  for  the  measurement  of 
refraction,  uf  universal  application  and  great  practical  value,  is  due  to 
Cuignet. 

How  the  change  in  the  direction  of  the  mirror  affects  the  movement  of 
the  light  upon  the  retina  may  be  understood  by  reference  to  Fig.  2,  in  which 
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the  action  of  a  plane  mirror  is  represented.  L  is  the  position  of  the  Hglit. 
The  mirror  being  in  the  position  of  A  A,  the  liglit  reflected  from  it,  in  ait^onl- 
anoe  with  the  laws  governing  the  reflection  of  light,  w^ill  diverge  as  though 
starting  from  a  point/,  as  far  behind  the  mirror  as  L  ie  in  trout  of  it,  and 
ID  the  same  iM?rpeudicuIar  to  its  surface.  From  the  direction  of  /the  light 
is  convergetl  within  the  eye  towanls  a,  and  falls  upon  that  portion  of  the 
retina.  If,  however,  the  position  of  the  mirror  be  changed  to  BB^  the  line 
passing  through  L  jxTpeudicular  to  the  mirror  undergoes  a  similar  change, 
and,  therefore,  /,  the  point  from  which  the  rays  appear  to  diverge  after 
they  have  been  reflected  by  the  mirror,  is  considerably  removed  from  the 


1  Royal  London  Ophlhalmic  H<>spitfil  Report*  for  1862,  p.  157. 
'  Bonders,  AccuminodEtion  and  Kefraction  of  the  Eye,  p.  490. 
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point  /,  and  the 


towBrds  b.  and 


coming  from  it  focus  in  the 
upon  that  portion  tit"  the  retiiui. 

As  the  mirror  turns  from  AA  to  JSJ5,  the  area  of  light  open  the  retina 
moves  from  a  to  6.  CaUiug  L,  the  lamp  flame,  the  original  source  of  light,  /, 
or  /',  tlio  point  from  wliich  the  rays  at  the  time  apj>ear  to  proceed,  may  be 
called  the  immediate  source  of  light.  Tlje  original  source  of  light  being 
fixed,  the  |>osition  of  the  immediate  source  will  vary  with  the  direction 
the  mirror,  and  the  ])asition  of  the  lij^lit  area  on  the  retina  will  vary  to 
respond  with  it.  When  the  light  is  thmwn  on  the  eye  with  the  skii 
mirror,  a  [wrtion  of  it  enters  the  pupil  to  form  tlie  rdinal  light  area,  bi 
the  greater  part  falls  upon  the  faee,  and^  as  the  direction  of  the  mirror 
ehauged,  the  position  of  this  fight  area  on  the  face  is  also  ehanged. 

It  is  evident  that  as  the  mirror  is  changed  from  A  A  to  BB,  the  ligl 
area  on  the  face  moves  upward  in  the  same  direction  as  the  light  area  on 
retina.  Hence,  with  the  plane  mirror  the  real  movement  of  light  on  the  rdim 
is  always  with  the  light  on  the  face,  or  with  the  movement  of  the  mirror^  and 
this  applies  equally  tohyjieropia,  emmetropia,  and  myopia,  as  can  readily  be 
uxiderstood  by  looking  at  the  Jines  //,  J?,  and  31,  which  represent  positions 
of  the  retina  in  these  different  states  of  refraction. 

When  the  concave  mirror  is  employed,  the  movement  of  the  light  on  the 
retina  is  in  the  opposite  diret^tion.  The  reason  of  this  may  be  understood 
from  Fig.  3,  in  which,  with  the  original  source  of  light  at  Lj  and  the  mirrur 
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in  the  position  .4.4,  the  immediate  source  of  light  will  be  /,  to  which  all  the" 
rays  falling  on  tlie  mirror  fnmi  L  are  converged.  Evidently  /  is  a  focus  of 
the  mirror  conjugate  to  L,  and  from  this  point  /the  rays  diverge  to  be  focussed 
towards  a^  and  to  fall  upon  that  porti^m  of  the  retina.  If  now  the  position 
of  the  mirror  be  changed  to  BB^  the  immediate  source  of  light  (the  focus 
conjugate  to  L)  changes  its  position  to  /',  and  from  F  the  rays  enter  the  eye 
to  be  eonvergeil  towards  6,  and  to  fall  upon  that  portion  of  tlie  retina.  With 
the  change  of  the  dire<jtion  of  the  mirror  from  AA  to  BB^  the  immediate 
souire  of  light  moves  from  I  to  /',  and  the  area  of  light  on  the  retina  move^f 
from  a  to  &,  aud  this  occurs  whetlier  the  eye  he  hyperopic,  emmetropic,  or 
myopic,  as  represented  by  the  lines  H,  E,  and  M.  In  this  ease  the  change^ 
of  direction  of  the  mirror  has  been  the  same,  and  it  will  be  found  that 
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change  in  the  position  of  the  area  of  light  on  the  face  has  been  the  same  as 
in  a  former  case,  but  that  the  movement  of  the  light  on  the  retina  has  beeji 
in  the  opposite  direetiun.  Hence,  ^vitli  the  concave  jnifToryihe  real  motmnent 
of  light  on  the  niina  k  in  (he  diredion  opposite  to  thai  of  the  movement  of  light 
on  t/ieface,  is  agaiiist  the  movanent  of  (he  nmror^  and  this  applies  for  all  stat*»s 
of  refraction. 

Apparent  Movement  of  Light  in  the  Pupil. — Vie  thus,  whichever  minor 
is  empkjyed,  know  the  real  direction  of  the  movement  of  the  light  area  vn 
the  retina,  and,  watching  its  apjKirent  movement  in  the  pupil,  are  ahle  to 
determine  whether  the  image  &(*eu  is  erc<*t  or  inverted.  In  the  erect  image 
the  apparent  movement  will  correspond  with  tlie  real, — with  the  lighten  the 
feoe  for  the  plane  mirt'orj  against  it  for  the  concave.  In  the  inverted 
image  the  apparent  niuvement  will  Im^  the  opposite  of  the  n^al  muvement, — 
agaiiist  the  liglit  on  the  ihee  for  the  plane  mirror j  with  the  light  on  the  laec 
for  the  cmwnte.  By  determining  the  point  where  the  movement  changes 
from  direct  to  inverted,  we  determine  the  point  of  reversal  and  the  relrao- 
tion  of  the  eye. 

Rapidity  of  Movanmt  of  Light  in  the  PupiL — ^lu  making  application 
of  the  test,  it  is  ire<:puiitly  convenient,  before  the  |)oint  of  i^versal  has 
been  aseertainetl,  to  be  able  to  estimate  approximately  how  near  we  are  to 
it,  and  how  great  a  change  of  glass  will  be  necessary  to  bring  it  into  the 
desired  position.  This  estimate  is  to  lie  based  upon  the  rapidity  of  tlie 
apparent  movement  of  light  in  the  pupil,  and  also  upon  the  brilliancy  of 
this  light;  but  principally  upon  the  former. 

■  The  apparent  rapidity  of  movement  of  light  in  the  pupil  depends  on  the 
real  rate  of  movement  of  the  light  on  the  retina,  aud  on  the  extent  to  which 
this  is  magnitied  by  the  inaguitication  of  the  retina.  The  real  rate  of  move- 
ment on  the  retina  depends  on  the  rapidity  of  movement  of  the  mirror,  on 
the  distance  of  the  source  of  light  from  the  mirror,  and  on  the  distance  of 
the  mirror  ironi  the  eye.  But  witti  the  same  observer  working  under  the 
same  conditions,  these  distances  will  be  t*derably  uniform,  so  that  diti'ercnci^s 
of  apparent  movement  will  dcjwnd  princii>ally  on  diflerences  of  the  magni- 

■  fication  of  the  portion  of  the  retina  mvn  m  the  pupil. 

I  When  the  nmlal  pcvint  of  the  surgeon's  eye  is  situated  at  the  point  of 

I  reversal  (the  focus  conjugate  to  the  position  of  the  retina),  rays  coming  from 

^  a  single  |x>intof  the  retina  reach  this  ncKlal  p«)int  from  all  jmrts  of  the  pupil. 

This  is  illustrated  by  Fig.  4,  in  which  the  surgeons  eye  with  its  nodal  point 

ft  at  S  receives  rays  from  a  point  A  on  the  patient's  retina.     These  rays  coming 
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through  every  part  of  the  pupil,  the  single  point  A  of  the  retina  appears  to 
occupy  the  whole  area  of  the  pupil,  a  a. 

As  the  nwlal  point  of  the  surgeon's  eye  is  moved  away  from  the  poii 
of  reversal,  rays  reat^h  it  from  more  thati  one  point  of  the  patient's  ret 
as  seen  in  Fig.  1 ;  and  the  farther  the  eye  is  withdrawn  from  the  |K>im  i 
reversal  the  larger  the  portion  of  retina  seen  in  the  patient's  pupil  at  on 
time,  andj  therefbiTj  the  less  magnified  is  this  image  of  the  retina,  whetfa« 
erect  or  inverted.     Since  the  rapidity  of  the  apparent  movement  depends 
on  the  degree  of  magnification  of  the  image  seen,  the  more  nearly  the  point 
of  reversal  is  approached  the  more  rapid  is  the  apparent  movement  of  light^ 
and  shadow  in  the  pupil.  ^P 

The  brighinam  of  ike  light  in  the  pupil  will  depend  on  the  actual  bright- 
ness of  the  light  area  on  the  retina  and  on  the  extent  to  which  this  lighlH 
area  ap|>eai^  magnified,  Ijeing  dirwtly  proportioneil  to  its  actual  brigbtneal^f 
and  inven^ly  to  its  magnification.  The  actual  brightness  of  the  retinal 
light  area  depends  on  the  briglitness  of  the  soun^  of  ilhimination  and  on 
the  accuracy  with  which  tlie  light  is  ftjcussed  on  the  retina.*  The  brightnesB 
of  the  source  of  illumination  is  discussed  below  ;  for  any  given  series  of 
tests  it  may  be  assumed  to  be  uniform. 

If  the  light  from  this  souree  could  always  be  perfectly  foeussed  on  the 
retina,  the  actual  illumination  of  the  retinal  light  ai'ea  would  always  be  the 
same,  and  the  apimrcnt  illumination  would  depend  entirely  on  the  amplifi- 
cation of  the  Retinal  image,  as  seen  in  the  pupiL  However,  the  light  is  aotsi- 
rately  foeussed  on  the  retina  only  when  it  comes  from  the  point  of  reversal; 
and  in  practice  it  will  do  this  only  when  the  surgeon's  eye  is  somewhere  near 
this  point.  In  proportion  as  the  point  of  reversal  is  moved  from  the 
surgeon's  eye  (measuring  this  removal  in  dioptries,^ — ^nnits  of  refraction)  will 
the  actual  illumination  of  the  retina  become  feeble.  When  the  sui^^eon's 
eye  is  brought  exactly  to  the  point  of  reversal,  or  within  a  few  inches  of  it, 
the  immediate  source  of  light  cannot  be  brought  directly  to  it,  and  in  this 
latter  position  the  amplification  of  the  retina  also  tends  to  make  the  illumi- 
nation fWble,  Hence  wc  have  generally  the  most  brilliant  lighting  of  the 
pupil  when  the  observer  is  witliin  1  or  2  D  of  the  |>oint  of  reversal 
Approaching  closer  than  this,  the  light  becomes  more  feeble,  while  its  move- 
ment is  more  rapid.  Dejiartiug  farrher  from  the  point  of  reversal,  the  light 
also  becomes  more  feeble  and  its  movement  slower.  In  this  w^ay  is  deduct 
the  practical  rule,  that  when  the  light  is  feeble  ajuf  its  mot^ement  shtv,  or  slight^ 
the  observer  is  conrndenibly  rmmmri  from  the  point  of  reversal;  when  the  light 
{^feeble  and  Its  movement  mcift^  he  in  renj  close  to  the  jmni  of  rei*ersaL 

The  Best  Arrangement  of  the  Light. — The  best  source  of  light  wnll  be 
brilliant  and  occupy  but  a  small  area.  In  practice  this  will  be  a  small 
portion  from  the  most  brilliant  part  of  some  flame,  with  the  other  parts 


■  See  ^'  Retinal  lUuminatioti  far  Qie  Shadow-Test, "  JackBoa,  Ophthalmic  Beview, 
1890,  p.  44. 
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excluded  by  an  opaque  shade.  Wax  or  paraffin  furnishes  the  most  brilliant 
flame;  after  this  come  the  higher  grades  of  rainenil  oil,  and  still  inferior 
to  them,  gas.  But  even  the  latter  is  a  satisfaetory  source  of  illumination. 
The  area  of  flame  employed  should  be  lietween  five  and  ten  millimetres  in 
diameter.  I^arger  than  this  gives  more  light  than  is  necessary,  renders  less 
charaeteristie  tlie  band-like  appearand?  of  astigmatism,  and  makes  it  more 
difficult  t<:>  discriminate  between  dit!i?rent  movements  of  the  light  in  different 
parts  of  the  pupiL  A  smaller  area  is  liable  to  the  objection  that  too  much 
of  it  is  swallowed  up  in  the  sight-hole  when  it  crosses  this  jmrt  of  the  mirror, 
causing  a  sudden  lading  of  the  light,  or  even  its  complete  disap{>eanince. 
The  writer  employs  simply  a  metal  chimney  placed  over  the  ordinary  chim- 
ney of  the  Argand  ga&-burner,  with  an  opening  of  the  proper  »\ze  placed 
opposite  the  brightest  fmrt  of  the  flame.  To  attain  the  greatest  accuracy 
and  delicacy  in  certain  directions,  it  is  impoi-tant  to  have  the  source  of  light 
freely  movable,  as  in  the  universal  bracket,  so  that  its  distance  from  the 
mirror  can  be  speedily  and  easily  adjusted, 

J^hrm  of  the  Light  Area  in  the  Pupil  in  H^pavpia  and  Myopia, — In 
hyperopia  or  myopia,  of  whatever  d^ree,  the  actual  shaj>eof  the  light  area 
on  the  retina  will  ap|)roach  that  of  the  source  of  light.  Ii\  as  must  be  the 
<^ise  for  accurate  testing,  the  souri^*  of  light  be  small  enough  to  approximate 
the  optical  conditions  of  a  single  luminous  point,  where  the  refraction  and, 
therefore,  the  magnification  of  the  retina  are  the  same  in  all  meridians,  the 
apparent  form  of  the  light  area  as  seen  in  the  pupil  will  Ije  a  circle.  When 
the  observer  is  consideraljly  reniove^l  from  the  point  of  reversal »  so  that  the 
retina  of  the  observed  eye  appears  but  slightly  magnified,  the  whole  of  the 
retinal  light  area  will  he  visible  in  the  pupil  at  one  time,  and  its  circular 
shape  will  be  readily  i^ecognizsible. 

When  the  observer's  eye  approaches  closely  to  the  point  of  reversal  and 
the  visible  image  of  the  retina  l>econics  enormously  magnified,  only  a  veiy 
small  part  of  this  circular  area  being  visible  at  one  time,  the  sliort  segment 
of  its  circumference  that  can  be  seen  in  the  pupil  will  have  but  Httlc  curve, 
and  the  line  separating  light  fn>m  shade  will  appear  comparatively  straight. 
The  direction  of  this  straight  line,  though,  will  vary  awor^iling  to  the  part 
of  the  retinal  light  area  that  is  brought  in  view,  and  in  every  direction  the 
rate  of  movement  will  be  equally  rapid. 

Form  of  the  Light  Area  in  Regular  Adigmaiism. — In  rt^ular  astig« 
mat  ism  the  atiuai  form  of  the  light  area  on  the  retina  will  depend  on  the 
position  of  the  retina  with  reference  to  the  lines  into  which  the  eye  tends  to 
f«.»cn6  the  rays  that  <x>nie  from  the  S4:mrce  of  light.  If  the  retina  is  coin- 
cident with  one  of  these  lines,  the  light  area  has  the  shajjc  of  such  a  line  or 
narrow  band  running  in  a  certain  directimi.  If  the  retina  passes  through 
the  other  focal  line,  the  light  area  is  a  similar  band  niuning  in  the  direction 
perpendicular  to  the  first.  If  the  retina  l>e  situated  at  a  point  intermc»diate 
between  these  two,  the  light  ar*?a  will  be  a  cii-cle.  In  other  situations  the 
actual  form  of  tills  area  will  be  an  ellipse. 
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The  apparent  form  of  the  light  ai'ea,  as  seen  in  the  pupil,  depends,  hoM 
ever,  more  upon  tlie  iioeciual  magnification  of  the  retina  in  different  meridii 

In  regular  Jistigmatism  the  uhs+rver's  eye  can  he  at  the  p^jintof  reversal  fd 
only  one  i>f  the  priu(i|ial  iiKTiilian^  at  one  time.  In  the  direction  of  thil 
meridian  the  retina  is  greatly  magnifitHi  j  at  right  angles  to  it  it  is  much  less 
niagnifitii.  It  foHows,  tlierefbre,  that  even  witli  an  area  of  light  on  the 
retina  aetually  cinnilar  in  shape,  tliis  ditfeiTnee  of  magnification  will  make 
it  appear  more  or  less  elongateil,  and  this  elongation  will  be  most  marked 
when  the  snrgeon's  eye  is  phieed  at  the  point  of  reversal  for  one  prLnci}jal 
meridian  and  the  sounx*  of  light  is  placxnl  at  the  point  of  reversal  fori 
other  pnnei|)al  meridian.' 

The  band  of  light  thus  maile  to  show  in  the  pupil  is  the  appearaoo 
character istie  of  astigmatism.     If  the  V>and  be  broad,  as  it  is  under  certain' 
c!onditions,  only  one  margin  of  it  will  appear  at  a  time,  and  this  may  kxik 
very  much  like  tlic  margin  of  an  enormously  enlarged  circular  area.    It 
will  he  found,  however,  on  causing  the  ligfit  to  move  in  different  directiou%. 
that  while  in  n^n-astigmatic  eyes  the  bonndary  hne  may  be  obtainetl  in  aDfJ 
direction,  in  astigmatism  it  is  always  found  in  tlie  same,  or  nearly  the  same 
direction,  and  this  is  the  direction  of  tlie  principal  meridian  which  has  it 
point  of  reversal  at  the  Dl>server*s  eye. 

On  placing  his  eye  at  the  point  of  reversal  for  tlie  other  principal  merid- 
ian, the  surgeon  will  see  a  bimd  having  its  direction  perj>cndicu!ar  to  tliat 
of  the  first.  At  distances  between  these  two  points  of  reversal  die  band^^H 
like  apix^ai-ance  will  Ije  less  distinct,  or  will  disiipj>ear  entii'cly  ;  but  at  sud^B 
jKjints  the  movement  of  the  light  will  differ  in  different  meridians  :  either 
it  will  be  witii  tlic  light  on  the  iiace  in  the  direction  of  the  one  ]>rinci^Kil 
meridian  and  agtiinst  the  light  on  the  face  in  the  direction  of  the  other  prin- 
ci|>al  meridian,  or  it  will  move  faster  in  the  one  meridian  than  in  the  otht-r. 

In  general,  the  light  and  shade  in  the  pnpil  appear  to  move  in  the  meriil- 
ian  in  which  the  mirror  is  turned  and  the  light  moves  on  the  face,  whether^ 
the  apjMirent  movement  lie  eret^t  or  inverted.     An  exception  to  this  is  : 
in  the  case  of  a  l>and  of  light  characteristic  of  regnlar  astignxatism.     If 
movement  of  the  mirror  and  the  movement  of  the  liglit  on  the  face  V»e  ifl^ 
some  dii-ection  oblitpie  to  that  of  the  l>and,  in  whatever  oblique  direi?ti*ia 
the  mirror  l>e  moved,  the  apparent  motion  of  the  band  will  be  at  right 
angles  to  its  length. 

This  a|>pareut  anomaly  is  due  to  an  optical  illusion^  which  may  l"te  ilhis- 
trated  by  cutting  a  small  circular  hole  in  the  centre  of  a  sheet  of  pa|)er  and 
placing  behind  it  a  canl.     If  this  card  Ih?  uniform,  so  that  all  jvortions  have 
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tlie  same  apj>earanee  on  moving  it  in  a  dirertion  oblique  to  it^^  edge,  th^ 
apparent  motion,  as  watched  through  the  opening,  will  l>e  iK^rj^vendiculM 
to  the  edge.     Thus,  in  Fig*  5,  let  A£  represent  the  edge  of  the  card  at  the 


^  See  "  The  Petition  of  tlie  Source  of  Light  and  the  Observer  ia  SkiMcopj,"  Ja 
Archives  of  Ophthalmology,  voL  zxii.  p.  S28. 
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opening.  If  now  the  card  be  moved  in  the  direction  of  LM,  its  edge 
will  appear  to  move  in  the  direction  of  LN.  In  the  case  of  the  shadow- 
test,  the  direction  of  the  band  of  light  will  be 
^represented  by  AB,  the  direction  of  its  movement 
by  LMy  and  the  apparent  direction  of  its  move- 
ment by  LN.      This   tendency  of  the  apparent 

movement  to  be  perpendicular  to  the  direction  of  ^   ^ 

the  band  is  an  aid  in  recognizing  the  direction 
of  such  a  band,  and  in  distinguishing  it  from  an 
almost  straight  edge  of  a  nearly  corrected  hyper- 
opia or  myopia.  It,  however,  adds  to  the  diflS- 
culty  of  determining  the  point  of  reversal  for  the  meridians  in  the  direction 
of  the  band,  because,  unless  the  light  is  made  to  move  exactly  in  the  direc- 
tion of  the  band,  there  will  be  a  \ery  confusing  lateral  movement  of  the 
band  itself. 

Appeararux  of  the  Light  Area  in  Aberraiion, — What  has  been  said  about 
the  light  in  the  pupil  in  non-astigmatic  eyes  and  those  the  seat  of  regular 
astigmatism  is  theoretically  correct ;  but  when  the  test  is  applied  in  practice, 
such  appearances  are  found,  in  the  large  majority  of  eyes,  to  be  partly  or 
completely  masked  by  the  effects  of  aberration  and  irregular  astigmatism. 

The  aberration  of  the  eye  c^ommonly  resembles  that  of  the  ordinary 
spherical  lens,  being  such  that  the  refraction  is  least  at  the  centre  and 
greatest  at  the  margin  of  the  pupil.  This  I  have  called  positive  aba-- 
ration}  The  centre  of  the  pupil  is  more  hyperopic  and  less  myopic  than 
the  margin.  This  difference  of  refraction  causes  a  difference  in  the  point 
of  reversal.  The  point  of  reversal  for  the  margin  of  the  pupil  is  usually 
much  closer  to  the  eye  than  the  point  of  reversal  for  Jthe  centre  of  the  pupil. 
Hence,  when  the  observer's  eye  is  situated  between  the  two,  he  sees  the  light 
at  the  centre  of  the  pupil  moving  with  the  light  on  the  face  (plane  mirror), 
while  the  light  in  the  margin  of  the  pupil  is  moving  against  the  light  on 
the  face,  and  between  the  two  is  a  neutral  zone,  the  point  of  reversal  for 
which  is  situated  at  about  the  observer's  eye,  in  which  the  light  is  extremely 
feeble  and  the  direction  of  its  movement  imi)erceptible.  The  typical  appear- 
ance, then,  presented  by  a  case  of  ordinary  positive  aberration  is  that  of  an 
area  of  light  in  the  centre  of  the  pupil  giving  the  erect  movement,  and  a 
ring  of  light  near  the  pupillary  margin  with  an  inverted  movement. 

In  a  certain  number  of  cases  the  relations  of  the  centre  and  margin  of 
the  pupil  are  reversed ;  the  centre  is  more  myopic  and  less  hyperopic,  the 
margin  less  myopic  and  more  hyperopic,  constituting  negative  aberration. 
In  these  cases  there  exist  the  same  neutral  zone  and  the  same  central  area 
and  peripheral  ring  of  light,  but  this  ring  is  usually  much  less  clearly 
marked  than  in  positive  aberration. 

>  Symmetrical  Aberration  of  the  Eye.    Transactions  of  the  Amer.  Ophthalmol.  See 
1888,  vol.  V.  p.  141. 
Vol.  II.— 7 
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In  any  case  of  alxuTation,  if  the  surgeon  plaices  his  eye  near  the  point 
of  ivvei^sal  for  the  margin  of  the  pupil,  it  will  l>etoniparatively  far  reaioved 
iVnin  tJie  point  of  revej"8al  tor  the  wiitre  of  the  piipil,  Tlie  movement  of 
tlir  li^ht  at  the  margin  will  then  be  rapid  ;  tlie  movement  of  the  light  area 
at  the  eeivti't*  will  be  slow.  Altliongli  the  movements  may  he  all  in  the 
matie  ilii'eetion,  this  will  eause  the  light  io  the  margin  to  ainx-ar  to  nm 
aninml  the  liglit  at  tlie  centre,  giving  the  effwt  of  a  liglit  area  fixed  at  the 
eenire  and  turning  aluiut  this  point  as  on  a  pivot.  Wlieii  tlie  light  is  thn»wn 
from  one  side  of  the  mirror,  the  light  in  the  pupil  will  appear  triangular  in 
gha|»e,  with  it^  base  on  one  sidt^  r>f  the  pupil  When  the  light  area  on  the 
(aee  is  movetl  aeross  to  the  other  side  of  the  eye,  the  triangular  ai*ea  of  light 
in  the  pupil  will  Ix^  found  to  have  wheeled  around,  so  that  its  base  is  towank 
the  other  margin.  It  is  tliis  wheeling,  somewhat  triangular,  area  of  light 
in  tJie  pupil  tliat  ha.s  been  regardetl  as  eharaeteristic  of  ennieal  eornea.  Its 
n>eogiiitiou  was  made  the  first  a]>plieation  of  the  shadiiw-^test,  but  it  does 
not  nec*essarily  indicate  eonieal  ei>rnea.  C'Vmical  cornea  causes  very  high 
negsitive  aberration,  but  the  more  common  positive  aberration  is  also 
capabh*  of  pn>ilyeiug  essentially  tlie  same  appeaniuee. 

Appramnce  m  Irregular  Astigmuimn, — In  irregular  astigmatism  the 
refraction  differs  entirely  from  |M>int  to  |Kiint  of  the  j>upil,  and  thus  gives 
rise  Im  an  infunte  variety  oi"  coiul)inatiims  yf  light  and  sliadow,  which  ai*e 
intelligible  only  \\\\t*n  the  observer  keejie  clearly  in  mind  the  general  optical 
principles  of  tlie  test.  Thus,  wherever  erect  movement  is  pen'eived,  the 
|i(MUt  of  revei'sal  is  baek  of  the  observer;  wherever  in  veiled  motion  is 
niiiietH:!,  it  is  in  front  of  tlie  observer;  and  in  limited  areas  of  the  pupil 
may  be  retxjgnized  charaf'teristi^'  bauds  of  regular  astigmatism,  while  other 
p(U'tit>ns  may  Ix^  frw  fn>m  it. 

One  group  of  <'ases  that  we  can  scaR^i^ly  class  anywhere  but  under  this 
general  title  of  irregular  astigmatism  presents  a  characteristic  movement 
1)1"  light  and  shadow  wliieh  tlcserves  spet*ial  mention.  This  is  what  I  have 
bti-n  in  llic  haltit  of  <'alliug  the  scimorti  movctneni.  There  appciir  two  more 
or  less  distinct  areas  of  light  CMX'upyiug  diflerent  portions  of  the  pupil  at 
tlie  sime  time.  Wlicu  the  light  t»u  the  faw  is  made  to  move  in  one  direc- 
tiiin,  these  bght  nreas  in  the  pupil  tNimc  together;  when  tlie  light  tai  the 
fiu^e  is  moved  in  the  opposite  dirertion,  they  sejianite  very  nmeh  as  do  the 
blades  of  a  pair  oi'  e4nssors.  Such  areas  have  usually  an  a]>proximately 
stmight  binnidary,  and  often  resemble  somewhat  the  baud-like  at*jH'arauee 
ii(  regular  astigmatism,  and  in  eases  of  this  kind  regular  astigmatism  is 
very  fre<piently  pix'sent.  The  appearance  depends  ou  the  fact  that  one  side 
of  the  pupil  has  a  higher  hypero|>ia  or  a  lower  myo]>ia  tlian  the  other 
Bide,  so  that  \vli<*n  the  light  is  moved  in  adire<'tii>u  ]>erpcndicular  to  the  line 
separating  thtf  two  portions,  an  ere(H  movement  is  ol stained  in  one  jiart  of 
the  pu]>il  and  an  invcrttHl  movement  in  the  other. 

The  position  ot"  tht^  line  separating  the  erect  from  tlie  inverttnl  move- 
ment will  vary  with  the  distance  of  the  surgeon  from  the  patient,  or  with 
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the  strength  of  the  lens  plac*ed  before  the  eye.  As  the  convex  lens  is  made 
stronger,  or  the  canfavo  lens  weaker,  or  as  the  swrgeon  withdraws  farther 
from  the  patient's  eyt\  the  arm  of  inverted  oiovenient  will  enlarge  and  the 
area  of  erect  myvement  will  diiniriisli.  If,  ou  the  other  hand,  the  strength 
of  the  concave  lens  is  increased,  or  the  strengtii  of  the  convex  lens  is  dimin- 
ished, or  the  surgeon  brings  his  own  eye  nearer  to  that  of  the  patient,  the 
arm  of  dire<-t  movement  will  be  enlargc^l  and  the  area  of  invertinl  move- 
ment diminished. 

Always  between  the  two  is  a  zone  of  comparatively  feeble  illimnnation, 
fur  which  the  point  of  reversal  is  jnst  at  the  observer's  eye,  and  in  esti- 
mating the  strength  of  the  correcting  lens  this  neutral  zune  must  be  nm<le  to 
include  the  centi'e  of  the  pupil,  the  iwilion  that  will  be  available  for  pur- 
poses of  vision  when  the  pupil  is  contmcted,  as  in  a  strong  light  or  with 
convergence. 

The  scissors-like  movement  of  the  light  area  in  the  pupil  may  be  imi- 
tated by  applying  the  shadow  test  to  the  artificial  eye,  with  the  lens  repre- 
senting the  dioptric  surfaces  tilted,  so  that  the  rays  shall  pass  through  it 
obliquely.  It  may  also  be  brought  out  in  most  eyes  by  applying  the 
badow-test,  not  iu  the  direction  of  the  vistial  axis,  but  at  a  considerable 
angle  from  the  visual  axis.  It  is  probable  that  iu  must  cases  in  which  it 
is  noticed  in  the  direction  of  the  visual  axis  it  is  due  to  an  oblique  position 
of  the  crystalline  lens. 

PRACTICAL    APPLICATION   OF   THE   TEST. 

The  Plane  Mirror* — When  we  come  to  fix  accurately  the  ]K>int  of  re- 
^ei'sal,  it  is  essential  tliat  the  retimd  light  an^a  should  he  as  small  and 
barply  detintHl  as  possible.  On  this  account  it  is  necessary  that  the  imme- 
diate source  of  light  should  Ijc  as  near  to  the  ]K>int  of  reversal  as  possible. 
With  tlie  plane  mirror,  this  source  being  an  image  of  the  Hame  emidoyed, 
as  far  back  of  the  mirror  as  the  flame  is  in  front  o^  it,  to  bring  it  to  the 
point  of  reversal  at  the  same  time  with  tlie  surgeon's  eye  it  is  essential  to 
have  the  original  source  of  light  as  close  to  the  mirror  as  iKissible,  There- 
fore the  patient  is  to  be  jilaec^  in  a  thoroughly  darkened  room,  to  give 
contrast  between  the  general  shadow,  and  the  light  on  the  face  and  in  the 
pupil.  A  movable  flame  covered  with  a  metal  chinme\',  in  which  an  o{wn- 
ing  five  to  eight  millimetres  in  diameter  is  cut  opi>osite  the  briglitcst  jiartof 
the  flame,  is  brought  as  close  to  the  surgerm*s  eye  and  the  mirror  as  is  con- 
venient, and  the  light  reflected  by  the  mirror  on  to  the  patient*s  face  is  made 
to  move  in  diflen^it  dii-ections  Ivy  the  changes  of  inclinatiun  of  the  mirror. 
Hj/pa'opin. — In  hyperopia  tlie  niovement  of  the  light  in  the  pupil  is 
found  to  l>e  with  that  of  the  light  on  the  face.  If  the  hy)ieropia  be  of  a  high 
degi^ee,  the  pr>int  of  reversal  being  many  dioptres  from  the  observer's  eye 
ad  the  light  giving  a  c<jm]iaratively  large  circle  of  ditlusionon  the  j>jitient'8 
etina,  the  movement  oi'  Itglit  in  the  pupil  is  slow  and  the  illumination 
comparatively  taint     Under  these  circumstances  it  is  ofteu  necessary  to  use 
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quite  a  broad  mirror  (twenty-five  to  foiiy  Diillimetres  in  diameter)  and  to 
rotate  it  rapidly  id  order  to  make  sur<?  in  which  direction  the  light  moves. 

By  the  faintness  of  the  ilhuiii nation  and  the  slowness  of  its  movement 
the  siirgeou  must  estimate  about  the  st length  of  lens  tliat  will  be  necessiiry 
to  give  him  the  point  of  reversal,  and  such  a  lens  he  places  \yeiow  the  eye. 
Then  repeating  the  ohaervatinu,  if  the  light  still  has  a  direct  but  rapid 
movement  the  surgeon  will  draw  hack  from  tlie  patient,  keeping  the  soui*ce 
of  light  as  close  to  his  mirror  as  pnictieable.  Thus  the  distance^  from  the 
|>atient*8  eye  is  to  l>c  increased  until  an  in  veiled  movement  of  the  light  is 
noticcnlj  or  until  the  apparent  size  of  the  pupil  has  S(^  dimiuisluJ  that  it 
becomes  difticult  h*  hv  sure  iu  which  direction  the  light  is  moving.  Should 
he  find  the  movement  in  the  pupil  already  inverted,  the  observer  will  bring 
his  eye,  and  necessarily  tlu*  Si>ura^  of  light  also,  closer  to  the  patient  until 
erect  movement  is  u  I  stained. 

Then  the  observation  shonhl  Im?  verifie<l  by  a  iiumbtT  of  repetitions, 
finding  both  the  greatest  distance  at  which  erect  movement  is  seen,  and  the 
least  distance  at  wliich  the  inverteil  movement  is  visible.  Between  these 
two  lies  the  point  of  revei-sah  One  not  thorongldy  familiar  with  the  t-est 
shuuld  be  reminded  that  the  movement  differs  in  different  portions  of  the 
pupi!^  and  that  the  movement  it  is  of  pnietical  imjKirtant^e  tu  study  is  that 
in  the  visual  zone  at  the  centre  of  tlie  pupil,^  while  the  movement  in  ide 
periphery  of  the  dilated  pupil  is  to  lie  disregardd^l. 

For  the  final  accnrate  determination  such  a  lens  slionld  be  platHxl  befure 
the  eye  as  will  bring  the  point  of  reversiil  to  the  greatest  distance  from 
which  the  movement  within  the  visual  zone  is  readily  visible.  For  most 
eyes  this  is  one  metre  or  le^^s.  The  most  amn^atc^  determiiiatifiu  can  be 
made  when  the  siirgeon*s  eye  is  slightly  closer  to  tlie  patient  than  the  point 
of  reversal,  »o  that  in  practice  the  greatest  distance  at  which  the  erect 
movement  is  visible  may  l>e  taken  iis  the  point  of  reversal  so!ight. 

For  example,  sup]Mjse  the  original  observatttm  give  a  faintuess  of  reflex 
io  the  pupil  and  a  slowness  of  ere<:t  movement  judgCHrl  to  indicate  5  1)  of 
hyperopia,  but  tlie  convex  6  D  lens  being  platted  Ijefore  the  eye  the  move- 
ment is  still  fuund  to  l>e  with  that  of  the  light  on  the  face,  even  when  the 
surgeon  draws  back  six  or  eight  feet  from  the  patient,  at  which  distanc*e  the 
direction  of  movement  becomes  uncertain,  Tlie  6  D  lens  is  then  to  be 
replatMxl  by  a  7  D  h-us,  and  with  it  the  niovcnient  of  light  in  the  pupil  is 
found  to  be  revei-sed,  Tlie  surgeon  then,  approaeliing  the  patient,  liuds  on 
reaching  0.50  metre  that  he  has  a  distinct  movement  with  that  of  the  light 
on  the  face.  He  is,  therefore,  within  the  ]ioint  of  revci'sah  lie  draws  back 
again^  and  finds  that  at  thirty  inelu-s  all  movemeut  is  inverted,  while  at 
tweutv-tbur  inches  there  appears  a  slight  direct  movement  in  the  centre  of 
the  pupil.     This  indicates  that  with  the  7  D  lens  the  point  of  reversal  is 
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about  tvvo-diii'ds  of  a  metre  from  tht^  eyv,  rHirri'spoiuling  to  L50  P  of 
myopia.  Thf  byiHiropia  of  the  eyo,  tlierefore,  i^  7  mimiH  J. 50  eijusil  5.50  D. 
To  verify  this,  the  6.50  D  lens  may  \ye  placed  before  the  eye,  and  the  obser- 
vation made  that  with  it  the  ei'eet  movement  is  distinguishable  up  t*)  thirty- 
eight  or  torty  inehei?. 

3fyopia, — In  myopia,  the  original  obBervation  without  a  glass  shows 
inverted  movement  in  the  pupil.  TJie  surgeon  then  brings  his  eye  closer 
anil  elost*r  to  that  of  the  patient  until  erei-t  movement  is  seen ;  then 
measuring  from  the  patient's  eye  to  the  greatest  di^timee  at  which  this  erect 
movement  is  visible  gives  the  foeal  distant  of  the  lens  required  for  the 
eorreetion  of  the  myopia.  This  fii^t  estimate  w^ill,  of  course^  be  only 
approximate,  hot  will  serve  to  indicate  very  closely  the  proper  lens  to  use 
for  the  more  accurate  measurement,  which  lens  should  be  about  1  D  letss 
tlian  the  amount  of  myopia  indicated.  Placing  this  lens  before  the  eye,  the 
|K)int  of  reversal  is  sought  with  it  as  in  the  case  of  hyperopia,  fixed  in  the 
same  way,  and  its  distance  fi-om  the  eye  measured  ;  and  the  lens  having  this 
focal  distant^,  added  to  the  lens  ah'cady  lie  fore  the  eye,  gives  the  full  wr- 
rection  for  the  myopia  pres<.*ut.  If  the  amijuntof  myopia  present  iie  about 
1  D,  the  accurate  determination  will  Ije  made  without  the  use  of  any  lens 
whatever. 

For  example,  suppose,  in  a  (iise  of  high  myopia,  the  erect  movement  is 
not  visible  imtil  the  surgeon  is  within  four  iiich*^  of  the  patient's  eye.  This 
would  correspond  to  a  myopia  of  about  10  D  j  a  9  D  concave  lens  is  then 
to  Ix*  phiced  before  the  eye  and  the  test  repeated.  If  now  it  is  found  tliat 
the  ert<'t  movement  is  visible  at  from  thirty- eight  to  iorty  inches  and  the 
invertetl  movement  distinctly  seen  at  forty-five  or  fifty  inches^  eorresp<ind- 
ing  to  1  D  of  myopia  still  renuiiuing  uncorrected,  the  total  amount  of  myopia 
presc^nt  will  Ijc  9  plus  1  espial  10  D. 

In  the  case  of  verj'  low^  myopia  the  first  trial  will  show  erect  move- 
ment in  the  pupil,  biit  this  movement  will  be  very  rapid.  The  surgeon 
should  then  withdraw  farther  from  the  patient's  eye  until  erect  movement 
eeases  and  only  inverted  movement  appears  in  the  pupil,  or  until  such  a 
distance  is  reached  that  the  direction  of  movement  is  no  longer  easy  to  de- 
termine. In  the  latter  ease  a  weak  cijiivex  lens  should  be  placed  before  the 
eye  and  the  determination  made  as  l^>r  a  case  of  hyperojiia.  When  this  has 
been  done,  however,  it  will  be  found  that  the  amount  of  myopia  with  the 
lens  is  greater  tlian  the  strength  of  the  lens,  and  the  strength  of  the  lens, 
d^L'ducted  from  the  myopia  witli  it^  will  leave  the  amount  of  myopia  originally 
present. 

In  a  ease  of  low  myopia,  sup|K>se  it  has  lieen  irapossilile  to  get  a  distinct 
reversal  of  movement  without  a  lens,  and  a  c*onvcx  1  D  lens  gives  a  point 
of  reversal  at  twenty  six  inches,  this  would  eorresjmnd  to  1.50  D  of  myopia, 
and  from  this  deducting  I  I>  of  c'ljuvex  leus  euiploye^l^  we  find  the  original 
myopia  to  lie  0.50  D. 

Emrneiropia, — Without  a  lens  befoi^e  the  eye,  the  movement  will  be  found 


102 


SKIASCOPY    AND    ITS    PRACTICAL    APPLICATION, 


with  that  of  the  h'glit  on  the  fac*o,  just  as  in  U»w  hy[>eropia.  The  p]a4?ing 
of  a  <-'utivex  h'lis  aud  th(?  stiljSf(jiiLiit  tosting  ai'e  to  2>ro(iHftl  in  prec*is<*Iy  the 
same  way  as  for  hyperopia.  But  in  the  end  it  will  l>e  found  that  tlie  point 
of  reversal  is  just  at  the  focal  distauee  of  the  lens  used,  fcshowing  that  the 
rays  emerged  from  tlie  eye  and  ruaeheil  the  lens  |>amlkd. 

In  any  case  of  myopia  or  hyperopia,  before  accepting  the  resnits  of  the 
shadow-test,  the  movenieut  of  the  light  .'shnidd  Ix^  tried  in  various  meridians, 
and  shovdd  ^m  found  the  mnie  in  all*  It  j^hould  also  be  carefully  noted 
whether  the  area  at  the  centre  of  the  pupil,  for  which  the  refraction  is  deter- 
minwl,  Ix*  large  or  small,  and  whether  from  it  the  refraction  increases  or 
diminishes  rafiidly  towards  tlie  margin  of  the  pupil,  since  thest;  points  may 
have  importinit  practical  l>eariug.s  in  the  decision  as  to  what  glasses  should 
be  woni,  and  how  constantly.  It  is  also  well  to  test  both  eyes  together  by 
placing  l>efore  them  lenses  which  will  bring  their  |M:>ints  of  reversal  to  the 
same  distance,  and  theji  to  comi>are  the  movement  of  tlie  light  in  the  two 
pupils  at  this  distance,  and  also  nearer  and  failher  away, 

lingular  Asifffmaiisfn. — In  regular  astigmatism  the  exam  mat  if  m  will 
begin  as  for  simple  myoj>ia  or  hyixTopia,  but  when  a  point  of  reversal  is 
found  it  will  be  distxivei^ed  that  it  is  a  point  of  reversal  for  only  a  single 
meridian,  and  that  lor  any  otlier  meridian  the  point  of  reversal  is  situated 
elsewhere.  Or  it  may  be  notice<i  Ix^fore  this  that  the  light  moves  more 
rapidly  in  one  meridian  than  in  another,  and  from  this  the  presence  of 
astigmatism  may  be  inferre<I. 

When  the  disco %"ery  is  made  that  astigmatism  is  presciit,  the  snrge<in 
should  try  first  tu  find  the  iK>int  of  rcvei'sal  nmrest  to  the  patient's  eye,— 
the  one  for  the  meridian  of  greatest  myopia  or  least  hyj>eropia.  Having 
found  this  ixunt  with  a  lens  that  brings  it  rather  <'l*}se  to  the  eye  (one-hidf 
metre  or  less),  the  suurce  of  lightj  which  has  hitherto  closely  followed  the 
changes  of  distance  of  the  mirror  from  the  patient,  is  now  moved  away  from 
tinr  mirror  as  far  as  may  be  found  ner'cssar)'.  As  it  is  moved  away,  the 
appearance  of  the  light  is  watclied  in  the  pupil,  and  when  tire  source  of 
light  has  I'eached  the  p>int  of  reversiil  for  the  more  hyperopic  or  less  myopic 
meridian  J  the  most  distinct  l>and-likc  apix^araiu'e  of  the  light  in  the  pupil 
will  Uv  obtained.  Under  these  circnmstances,  with  tlie  surges m's  eye  at  the 
near  ptiint  of  rcvei"sal  and  the  source  of  Hglit  at  the  more  distant  |x>int  of 
rtiversiil,  tlie  dinxrtion  of  one  principal  meridian,  as  shown  by  the  direction 
of  the  band  of  light,  is  to  be  accurately  determineib  The  other  principal 
meridian  is,,  of  course,  just  perpendicular  to  this.  Having  determined  the 
dir<H:*tfori  of  the  principal  meridians,  the  light  is  again  to  be  brought  back  as 
cltif4it  to  the  mirror  as  possible  and  the  measurement  of  the  amount  of  myopia 
ni  each  principal  meridian  made,  as  in  a  case  of  simple  myopia  or  by ]x*ropia. 
I  lie  differfiiLv  of  refraction  betwx*en  the  tw*o  princijial  meridians  gives  the 
amount  uf  aHtigniatism. 

After  tlic  astigmatism  has  bc^en   thus  determint^l,  it  is  always  wise  to 
pllMx?  bt»foix*  the  eye  the  cylindrical  lens  correcting  it,  and  again  to  study  the 
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movements  of  li^ht  ami  sliadovv  truiii  ntvar  the  [>oiot  of  revei*siil.  If  the 
determiDatioD  already  made  be  not  |3erfeetly  aeeunite,  the  ptipil  will  still 
pretieDt  the  appearance  of  low  astigmatism.  Tliei*e  may  be  no  distinct  biiHl, 
but  at  one  distance  the  light  will  have  no  |>crceittible  mo%^cment  in  one 
meridian,  while  at  right  angles  to  this  there  will  Ix*  a  [Kcrceptible  movement^ 
either  with  or  against  the  light  on  the  face.  If  these  meridians  correspond 
in  diret^tion  to  thase  orifriiially  determined,  it  is  only  nc*edful  to  increase  or 
diminish  the  strength  of  tlie  cylinder.  If,  however,  tlic  meridians  of  the 
remaining  low  astigmatism  appear  toditier  from  those  originally  fixed  upon, 
then  the  dirwtion  of  the  axis  of  the  cylinder  needs  to  Ix*  sliglitly  altered  to 
give  a  |)eribct  corr<.H'tiun. 

Irrerpdar  AstlffmatfsnK — In  all  eyes,  as  tlie  j^>oint  of  reverstd  is  approached, 
tliere  be<x>nies  apparent  a  certain  antount  of  irregular  astigmatism.  Up  to 
a  certain  |K>iut  the  movements  of  light  and  shadow  follow  the  rules  hiid 
down  ;  hnt  when  the  observer  approacljcs  the  jK^int  of  reversal  within  this 
limitj  new  distributions  and  movements  of  light  and  shaikw  a|»pear,  pa-uliar 
to  the  individual  cast*.  As  they  txK*onie  pronounced,  the  determination  of 
the  exact  |Kitnt  of  reversal  sought  becHrmes  uncertain  and  difficult :  so  tliot 
in  general  the  aecnraey  of  the  result  attainal  by  skiascopy  will  be  limited 
by  the  amount  of  irregular  astigmatism  present  in  the  visual  zone  of  the 
cornea.  In  every  ease  these  irregular  movements  should  receive  ttireful 
attention,  since  among  them  may  be  found  some  one,  usually  at  the  centre 
of  the  pupilj  of  t-^pecial  significance  ;  and  even  where  such  a  movement 
cannot  be  distinguishtHl,  the  amount  of  irregular  astigmatism  revealed  will 
beau  indication  of  tlie  probable  visual  acuteness  to  be  obtained  by  subjective 
tests. 

The  Near- Point  of  Aocommoihttion. — The  point  of  reversid  ran  be  as 
well  determined  when  it  is  brought  close  to  the  eye  by  the  exertion  of  the 
iiecoraniodation  as  when  it  is  so  situated  from  the  presence  of  myopia.  To 
determine  its  position  when  the  acconinuKlation  is  exerted  to  its  nuiximnm, 
it  is  only  necessary  to  have  the  patient  tix  a  small  objwt  held  close  to 
his  eye  in  the  direction  of  the  surgeon's  eye.  If  the  patient's  eyes  converge 
to  this  point,  he  will  necessarily  exert  his  full  power  t»f  afromnuxlation, 
and  the  pcjsition  of  tlie  jM^int  of  reversed  under  these  circumstances  is  to  be 
ascertained  as  in  a  case  of  simple  myopia. 

The  Concave  Mirror.^ — The  fmnmliafe  source  of  liglit  with  the  conmve 
mirror  is  the  small  image  of  the  flame  formed  at  the  focus  of  the  mirror 
conjugate  to  the  position  of  the  orifjt^nai  source  «>f  light. 

To  bring  this  imnuxlrate  source  of  light  as  close  to  the  ob8er\^er's  eye  as 
possible,  so  that  Ixjth  together  may  aj>proach  the  point  of  reversed ,  the 
original  source  of  light  must  be  removed  a  considerahle  distance  from  the 
mirror.  The  light  is  to  be  back  of  the  patient's  head,  usually  the  farther 
bock  the  lx?tter.  With  the  light  in  this  [msition,  the  shading  of  it  by  a 
metal  chimney  with  a  small  aperture  is  of  less  im|Kjrtance  than  with  the 
plane  mirror,  yet  it  adds  scjraething  to  the  accuracy  of  the  results  attainable. 
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It  is  al^yo  of  uo  importance  to  have  the  position  of  the  light  movable, except 
for  the  exact-  det^Tnii nation  of  tlie  j^rincipal  meridians  of  astigraatism.  On 
the  other  hand,  the  observer  mast  phiee  himself  at  a  fixeil  distance  from  tlie 
eye  he  is  te^itbig.  This  distaoee  should  l>e  t!it*  grc^atest  from  which  he  tan 
wateh  elearly  the  movement  of  liglit  and  shade  in  tlie  pupil,  Ix^eau^e  the 
distami!e  between  the  mirror  and  its  foeiis  retiiaiuing  praetieally  the  same,  as 
mmsnred  in  inelies  or  in  eentimetres,  thr  JitfcMvnee  of  diopti*es  et»rrespond- 
ing  to  this  distanee  will  diminish  as  the  total  distauee  from  the  patient's 
eye  increases. 

Variations  in  the  tbeal  Jistanet*  ijf  the  mirror  employed,  or  in  the  po- 
sition of  the  original  suoree  (if  light,  will  permit  variatitms  of  the  distani?e 
of  the  surgeon  from  tlie  patient;  but  in  general,  with  a  mirror  of  twenty  to 
twenty-live  centimetres'  foai!  distance  (eight  to  ten  inches),  and  the  light 
some  little  Jistanee  bark  of  the  patient's  head,  the  surgeon  shfudd  Ije  about 
one  metre  fmm  the  eye  he  is  testing.  From  this  position,  then,  lie  watches 
the  play  of  light  and  shade  in  the  piijiil  when  tlie  mirror  is  n*tat<tL 

Ilf/piropia, — The  movement  of  light  on  the  retina  being  really  in  the 
direction  opposite  to  tliat  iif  tlie  movement  of  light  on  the  face,  when  the 
retina  is  set-n  in  the  ei'ec't  image,  the  liglit  in  tlie  pupil  appears  to  move 
against  the  light  on  the  fact* — ^against  tlif  mirror.  The  rapidity  of  this  move- 
meiit  I>ecomt's  the  chief  indi(*ati^)n  uf  the  degree  of  hyj^eropia.  The  move- 
ment being  slow,  the  hyperopia  is  pi"obably  high.  If*  it  b^  fast,  the  hyper- 
opia is  proliably  luw. 

Tlie  leus  whieli  is  exiK^ctcil  to  eurra-t  the  hyperopia  and  cause,  in  addi- 
tiiH],  1  D  of  myopia,  is  placed  iK^fore  the  observed  eye.  Through  this  leus 
the  liiovemeot  of  light  in  the  pupil  is  again  obstnn'wl.  If  it  l»e  still  against 
the  light  on  the  lace,  a  stmnger  leus  must  be  emjiloye<b  ^"d  the  mpidity  of 
its  movement  is  a  gauge  of  the  amount  of  additional  strength  recjuire<i. 
When,  however,  the  light  in  the  pupil  is  fuund  to  move  with  the  light  on 
the  face,  it  is  known  that  a  lens  lias  been  reached  whif'h  brings  the  jxnut  of 
I'eversal  closer  to  the  imtient  tlian  the  surgeon's  jwsition,  whieh,  therefore, 
csiuses  more  than  1  I>  of  niyoi>ia,  and  a  weaker  lens  is  to  be  tried.  In  this 
way,  trying  alternately  stronger  and  weaker  lenst^s,  is  ascertaincMi  the  strength 
rctjuireil  to  l>ring  the  ixant  of  revei'sal  to  one  metre.  The  nearest  approach 
to  this  will  gcnemlly  be  the  weakest  convex  which  causes  movement  in  the 
pupil  witli  the  light  on  the  face,  iKM-ause  with  this  lens  the  point  of  reversal, 
Iving  somewhere  in  frvint  of  the  surgeon's  eye,  is  in  close  proximity  to  the 
jwsition  of  the  immediate  souiTe  of  light  at  the  focus  of  the  mirror,  and 
the  efindilions  are,  therefore,  favorable  fbr  the  most  aceurate  test.  The  lens 
wdiieh  doc*s  this  corrciM^ts  the  hyperopia  and  causes  1  1)  of  myopia,  and  by 
sulitractiug  1  T*  imm  its  strength  the  correction  of  the  hyperopia  is  found. 

For  example,  supi>oife  on  the  fii-st  inspe<^tion  the  light  in  the  pupil  is 
seen  to  move  slowly  against  the  light  on  the  face.  A  6  D  convex  lens 
jilacetl  l>cfore  the  eye  still  allows  it  to  move  against  the  light  on  the  face,  but 
very  sw^iflly.     The  6.50  D  lens,  however,  causes  the  light  lu  the  pupil  to 
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move  with  tlie  li^ht  on  tho  face,  aba  %^erv  swiftly.  The  pn?8U  rapt  ion  i.-^that 
the  lens  causing  1  D  of  niyupia  lies  between  the  fJ  I)  and  the  t].5t)  D  ;  but 
the  latter,  conforming  to  the  conditions  of  the  more  delicate  t<?8t,  may  be 
assumed  as  the  nearer  right,  and  1  suhtracted  from  the  GjyO  D  leaves 
5.50  D  as  the  amount  of  hy|X'ropia  present.  The  lens  Btreagth  obtained  in 
this  way  will  always  be  a  full  consecution. 

ifyopia, — In  myopia  of  over  1  D,  the  lif^ht^  on  first  testing  without  any 
len.s^  will  be  found  to  move  with  the  light  on  the  face,  and  according  to  the 
slo\\Tfiess  of  its  movement  will  lie  the  strength  of  the  concave  lens  recjuired 
before  tlie  j>atient's  eye  to  bring  the  ]>oiut  of  reversal  to  the  observer's 
position.  So  long  as  the  light  moves  with  the  mirror, — ^witli  the  light  on 
the  face, — the  lens  is  too  weak;  so  floon  as  it  begins  to  move  against  the 
Ught  on  the  face,  the  lens  is  too  strong.  By  rej>eated  trials,  the  two  lenses 
are  found  Wtween  which  tlie  reversal  of  movement  otrur^,  and  the  strongest 
concave  allowing  of  erect  movriiuut  is  fixetl  upon  astlieoue  leaving  a  single 
dioptre  of  myopia  uncorrected*  To  find  the  correction  of  the  total  myopia, 
then,  1  D  is  addfJ  to  tlie  strength  nf  tlio  strongest  CHineave  that  allows  the 
raoveraeut  of  liglit  in  the  pupil  with  the  movement  of  light  mi  the  face. 

Where  the  myopia  is  less  than  1  D,  the  mnvement  in  the  pupil  is  found 
from  the  first  to  be  against  that  f)f  the  light  on  the  face,  and  to  produce 
reversal  a  convex  lens  most  be  us<'d.  It  is  founds  however,  that  the  weakest 
convex  tliat  produces  movement  with  the  light  on  the  face  is  weaker  than 
1  D;  that  is,  a  convex  lens  of  less  than  1  D  cau.ses  1  D  of  myopia.  Hence 
its  strength  subtractecl  from  1  D  will  give  the  amount  of  myopia  i)rescnt 
in  the  eye  to  start  with,  or  the  concave  lens  recjuired  for  its  correction, 

Eftimeiropia. — In  emmetropfa  also  the  light  is  first  seen  to  move  against 
tlie  light  on  the  face,  but  is  lirouglit  to  move  with  it  hy  a  1  D  convex  lens* 
Here,  the  amount  of  myo[iia  produced  being  just  etpial  to  the  strengtli  of 
the  lens,  the  original  refraction  must  have  been  erametmpic. 

Regular  AHlkpnaiimn^ — The  presen(XM:»f  this  condition  will  \w  susi)eeted 
or  recognizetl  so  soon  as  it  is  tlmnd  that  with  a  given  lens  the  moverueiit  is 
faster  in  si^raeonc  meridian  than  in  the  meridian  perpendicular  to  it,  or  that 
the  movement  in  one  meridian  is  with  the  light  on  the  face  and  in  the 
meridian  peqx'udit^ular  to  it  against  the  light  on  the  face,  or  when  it  is 
found  that  for  one  meridian  the  point  of  reversal  has  been  brought  to  the 
sorgeon's  eye,  wliile  there  still  exists  a  distinct  movement,  either  eret^t  or 
inverted,  in  the  meridian  at  right  angles  to  it.  So  soon  as  this  is  recog- 
nized, the  surgeon's  attention  is  to  l>e  directed  to  determining  the  lens  which 
brings  his  eye  to  the  point  of  reversal  for  the  meridian  of  greatest  hyjieropia 
or  least  myopia,  this  lens  giving  no  movement  in  one  principal  meridian, 
and  in  the  other  a  distin<'t  movement  with  the  light  on  the  fiice. 

With  this  leos  in  front  of  the  patient's  eye,  and  keeping  his  own  position 
one  metre  from  it,  the  surgeon  is  to  have  the  original  source*  of  light  brought 
closer  and  closer  to  the  mirror  until  the  immediate  source  of  light,  which 
correspondingly  retreats  from  the  mirror,  reaches  the  neighborhood  of  the 
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pi^iint  of  reversal  fi>r  the  other  |>rincipal  raeridiaii.  lo  this  position  the 
band-like  appearaiiee  of  liglit  in  the  pupil  txjmes  out  mijst  diylineth%  itnd 
the  dii'eetion  of  one  princi{>al  meridian  (coniraonly  the  horizontal)  is  aeeu- 
ratt^'ly  detenninal,  tlie  direetinn  of  the  either  principal  meridian  being  i>er- 
ix^iidi<*uhar  to  this. 

Tlie  nriginal  souixh?  of  lij^lit  iH  then  removed  again  to  its  maximum 
distanf3e^  t<3  bring  the  immediate  sonr<'e  of  Iig!it  as  <'h>8t^  as  possible  to  the 
mirror,  and  tlje  lens  ast^eitained  tliat  Ijrings  the  point  of  reversal  to  tlie 
distance  of  one  metre, — first  for  one  prineipal  meridian  and  then  for  the 
other*  The  ditferenee  Ixitween  the  two  gives  the  strength  of  the  cylindrical 
lens  recjnired  to  correct  the  astigniutisni. 

Toeonijtlete  the  test,  tliis  eorreeting  cylinder  should  be  placed  before  the 
eye,  with  the  spherical  which  phoiild  bring  the  point  of  reversal  to  a  distance 
of  one  metre,  and  the  phiy  of  light  and  shade  in  the  pupil  should  again  be 
ciirefully  studiwi,  to  di^'over  any  evidence  of  astigmatism  remaining  uncor- 
rected. By  the  amount  ami  direction  of  tliis  uncorrected  astigmatism  the 
cylindrical  I  lens  is  to  be  modifitMl^  as  exphiintHl  fin*  the  plane  mirror* 

Afjerration  ami  Jnrfjfular  Atitk/maimn, — The  eflk*ts  of  these  itmditions 
npDu  the  appc>amnce  and  movements  of  the  liglit  in  the  pupil  arc  much  the 
same  as  with  the  plane  mirror*  We  have  to  entx)unter,  usually  (positive 
al>er ration),  tlie  circle  of  light  in  the  margin  of  the  pupil  now  moving  with 
the  liglit  on  the  face,  while  the  central  fainter  art*ii  of  light  moves  against 
the  light  on  the  face.  The  reverse  relation  of  movement  is  S€»en  in  negative 
al>erration.  The  whwling  triangle  of  light  in  conical  cornea,  tlie  scissors- 
like  rauvenient  in  oblicjuity  of  the  crystalline  lens,  and  the  broken  patches 
and  variety  of  movement,  with  and  against  the  liglit  on  the  face,  ai*e  of 
similar  signifi<3iuice. 

What  is  said  as  to  the  test  with  the  plane  mirror  applies  equally  here. 
These  ap|>earanees  should  always  l)e  looked  for  and  carefully  studieth  So 
considered,  they  will  frequently  throw  valuable  light  upon  practical  aspects 
of  tlie  (iise. 

Relative  Advantages  of  the  Plane  and  the  Concave  Mirror. — Each 
of  these  varieties  of  skiascopy  lias  certain  advantages  over  the  other.  The 
eoHtrrve  mirror,  at  first  more  widely  ustd,  gives  the  better  results,  when  the 
original  source  of  light  is  large  and  irregular  in  outline  but  can  by  I'cmoval  to 
a  consideralde  distance  from  the  mirror  be  made  to  give  a  sufticiently  small 
immediate  s<:iurrx»  of  light.  With  the  concave  mirror,  the  changes  Ijciug 
made  by  elianges  of  lenses,  tiie  appearautx'  shown  by  one  lens  gives  place 
to  a  distinctly  different  a[)pearanw  brought  out  by  another  lens;  and  the 
definite  selec^tion  of  tlic  lens  sought  is,  }>crhaps,  easier  than  with  the  plane 
mirror,  where  the  ap|>earance8  prest^nt  at  diffei^ent  distances  fade  gmdually 
one  into  the  other. 

In  regular  astigmatism,  the  conclave  mirror,  with  its  immediate  source  of 
light  in  front  of  it,  enables  one  to  ^x  most  accurately  the  meridian  of  greatest 
hyperopia  or  least  myopia. 
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In  aberration,  the  immediate  soiirreof  liglit  being  in  front  of  the  mirror, 
and  the  rajs  from  it,  tlierefore,  intereepted  Ijelbre  tliey  R-aeh  the  focus,  the 
margin  of  the  light  area  becomes  in  some  eases  slightly  sharper  by  reason 
of  the  condensation  ring  of  aberration*  This  latter  advantage  is,  however, 
rarely  perceptible  in  practice. 

The  plane  mirn>r,  on  the  other  hand^  permits  the  determination  of  the 
point  of  reversal  with  fewer  changes  of  Icnsi's  ;  and  since  to  secure  ceitji in ty 
and  accuracy  ref[uires  repeated  trials  both  from  within  and  iKcyond  the  point 
of  reversal,  it  is  a  very  great  advantage  to  be  able  to  make  these  trials  without 
repeated  changes  of  the  lens  in  front  of  the  eye.  The  plane  mirror  enables 
the  surgeon  to  do  this  simply  by  slightly  varying  his  distance  from  the 
patient.  Then  the  plane  mirror,  by  making  the  test  more  flexible,  makes 
it  also  more  valuable  in  the  extent  and  exactness  of  its  results.  The  exact- 
ness attainable  with  the  concave  mirror  is  limited  l)y  the  interval  between 
the  glasses  used  ;  with  the  plane  mirror  it  is  not. 

With  the  plane  mirror  the  meridian  of  least  hyperopia  or  greatest 
myopia  can  be  fixed  with  the  greater  aeciiracy,  and  in  negative  abernition 
the  light  area  of  the  retina  shows  a  more  distinct  border.  In  general,  the 
light  area  of  the  retina  is  brighter  and  more  sharply  defined,  because  by 
bringing  the  original  source  of  light  close  to  the  mirror  the  immetliate 
source  can  always  be  kept  near  the  observer's  eye  and  nearer  to  the  point 
of  reversal  than  it  is  possible  to  bring  the  Rjcus  of  the  concave  mirror. 
With  the  plane  mirror  the  principles  of  the  test  are  more  easily  mastered, 
and  on  this  account  skiascopy  should  first  be  studied  with  it. 

One  will  have  at  his  c<immaod  ail  the  resoun^es  of  the  shadow-lest 
only  if  be  be  thoroughly  familiar  with  its  use  in  both  forms, 

USE  TO   BE   MADE   OF  THE  TEST. 

Skiascopy  is  applicable  to  the  measurement  of  refraction  in  all  cases* 
It  therefore  has  a  certain  usefulness  where  other  methods  cannot  be 
employed,  as  for  the  lower  animals,  for  children  wliose  movements  cannot 
be  controlled,  for  cases  of  nystagmus,  and  in  some  cases  of  hazy  media 
where  the  other  chief  objective  mctlKHl  of  determining  refraction  (the  oph- 
thalmosctipc*)  cannot  Ix'  satisfacturily  employc<L 

The  writer  has  found  it  mcjre  vahiablc  than  all  other  methods  together 
where  an  objective  method  must  W  chiefly  relicnl  on,  as  in  measuring  the 
refraction  of  applit^nts  for  Wncfits  or  pensions  ;  but  its  most  general  appli- 
cation is  as  an  obje<'tive  metlKKl  t(*  furnish  the  fimndation  for  the  subjective 
tests.  These  latter  are  rendered  easier  of  application  and  more  certain  in 
their  results  when  they  can  iM'gin  t)y  the  bringing  iKi'fore  the  eye  of  a  close 
approximation  to  the  accurate  corretlion,  and  this  the  shadow-test  can 
readily  be  made  to  yield. 

The  writer's  practice  is^  after  the  ojihthalmoscopic  examination,  which 
gives  approximately  the  hyperopia  or  myopia,  and  the  use  of  the  i>phthal- 
mometer,  which  indicates  the  probable  astigmatism,  to  employ  the  shadow- 
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test,  which  iljot^ks  or  c«trreets  the  results  obtaiuf»d  by  the  other  objective 
methods  and  gives  an  almi^st  pericctly  accurate  idt^  of  the  ametropia  present, 
that  has  only  to  be  slightly  revisetl  or  confirmed  by  the  subjective  test  with 
Icn.ses.  UstHl  in  thiifi  Avay,  it  not  only  gives  greater  certainty  to  the  result  by 
reiLson  of  arriving  at  it  by  an  independent  method,  but  it  always  saves  much 
more  time  tlian  is  required  to  employ  it,  and  it  gives  information  as  to  the 
existence  of  residual  accommodationj  abermtion,  or  iriTgular  astigmatism 
which  can  be  obtaintd  in  m^  other  way,  and  which  in  a  large  proportion  of 
patients  is  of  dccidctl  practieal  value, 

APPARATUS. 

The  mirror  must  be  large  w^here  the  test  is  to  be  relied  on  alone ;  but  is 

more  convenient  to  be  small,  fifteen  to  twenty  millimeti-es  in  diameter,  if  the 
test  is  used  to  confirm  ami  revise  the  results  of  other  tests.  The  sight-hole 
should  be  alxnit  two  and  a  half  millimetres  iu  diameter,  and  absolutely  free 
from  reflections  at  its  margin.  The  l^st  I  have  used  have  merely  bad  the 
silvering  remov<xl  from  the  l)aek,  leaviug  the  glass  unperforatetl. 

If  the  plane  mirror  is  craployecl,  a  movable  bracket  is  reffuircil  to  sup- 
port the  light;  and  a  metal  chimney  to  €*n(4o&e  it,  with  an  aperture  of  five 
to  eight  millimetres  in  diameter  ojvpositc  the  brightest  jiart  of  the  flame. 
These,  with  the  trial  set  of  lenst^s,  are  all  that  arc  necessary.  It  is,  how- 
ever, convenient  to  have  a  metre  stick,  upon  which  is  laid  off  a  scale  of 
dioptric  fw^al  lengths,  for  the  mt^jisurement  of  the  distance  from  the  point  of 
reversal  to  the  patient's  eye.  Witli  theiMincave  mirror,  the  swinging  bracket 
to  support  the  light  and  the  metal  shade  are  of  less  importance ;  but  it  may 
be  a  convenience  to  have,  instead  of  the  lenses  from  the  trial  case,  a  series 
of  spherici^l  lenses  arranged  in  a  disk  or  slide,  as  suggcstt^l  by  Hill  Griffith, 
Burnett,  Wurdemann,  and  others,  I  have  employed  such  a  disk  arranged 
with  lenses  running  from  7  D  convex  to  7  D  ctmeave,  with  intervals  of 
0,50  D,  and  rotatccl  by  a  rod  fastened  to  its  face  l»y  a  universal  joint. 
AVlicre  the  test  is  to  be  applifxl  with  the  com^ave  mirror  to  large  nimibers 
of  patients,  some  such  ap|>aratus  is  worth  having. 

HISTORY   AND   NAME  OF   THE  TEST, 

The  method  of  investigation  and  diagnosis  we  have  been  considering 
was  diflerentiated  from  the  general  ophthalmoscopic  examination  by  Bow^- 
nnm,  who  nulled  attention  to  it  for  the  detection  of  irregular  astigmatism 
and  couiral  eornea,  in  a  pai^er  uixm  ct>nical  corneji  in  the  Roifal  lAmdon 
OjMuihnk  Hospital  Reports,  vol.  ii.  page  157.  Later  he  recognized  tlie 
somewhat  **  linear  shadow  in  s^jme  meridians  rather  than  in  others,"  sig- 
nificant of  regular  astigmatism,  as  alrrady  meutioned. 

As  a  test  for  conical  cornea  and  irregular  astigmatism,  its  application 
continufxl  and  became  general,  but  for  several  yc^i^  receivetl  no  further 
development.  In  1872,  John  Coujier,  of  London,  read  before  the  Fourth 
International  Ophthalmological  Congress  a  pai^r  on  **  The  Ophthalmoscope 
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as  an  Optometre  in  Astigoiatism,- *  in  wbich  he  proposed  as  a  test  the  recog- 
nition of  the  reversiil  of  tlie  image  of  the  retinal  vessels  and  its  distortions 
at  various  distances.  His  inefIjo<J  does  not  neem  to  have  l^eeu  adopted  by 
others.  Two  or  three  years  later  Cuignet,  of  Lille,  described  the  test  with 
the  plane  mirror,  announcing  that  it  was  ajipliaible  to  the  recognitioo  and 
measui'ement  of  all  forms  of  ametropia ;  but,  apparently  supposing  the 
different  appearances  elicited  by  it  to  deiiend  entirety  on  the  curvatui-e  of 
the  cornea  J  he  termed  the  tt^^t  kendoscopie.  This  was  the  first  distinctive 
name  given  to  it. 

Mengin,  a  pupil  of  Cuignet,  intrwlneed  the  pmctice  of  the  method  in 
Paris,  where  it  was  taken  up  by  Pan^iit,  who  demoustrated  its  optical  basis 
and  used  the  concave  mirror ;  and  because  tlie  play  of  light  and  shade 
in  the  pupil  was  really  due  to  the  movement  of  an  area  of  liglit  on  the 
pigment-hvver  of  the  retina,  he  ealletl  it  reiinmcopie.  After  this,  Lyttou 
Forties  (1880)  and  Charnley  (1882)  wrote  upon  it  in  the  Royal  Lfmdon 
OphtJutfmw  HtmpUal  Reports.  The  former  described  rather  minutely  the 
forms  of  light  and  shade  observed  in  the  pupilj  but  without  full  explanation 
of  their  optical  basis.  The  latter  somewhat  extended  Parent  s  0}>tieal 
demonstration  regaixiing  it.  Chibret,  in  1882,  urged  the  advantages  of 
tile  i)lane  mirror  for  the  deteetion  of  myopia  sufficient  to  exclude  recruits 
from  uiilitiiry  s*^rviw.  lie  proposeti  the  name  of  fantoscopie  rMinkmie, 
Story,  in  the  Ophtkalmie  Remap,  1883,  described  the  test  with  the  plane 
mirror,  which  he  used  in  the  same  manner  as  the  cH>ncave,  but  at  a  greater 
distance.  A  year  latei',  iu  the  same  journal,  Priestley  Smith,  in  suggesting 
a  simple  mirror  for  it,  spoke  of  the  mctliod  as  t]iQ  shadow-test  The  writer's 
description  of  the  test  with  the  plane  mirror,  v'arying  the  distance  of  the 
surgeon  from  the  patient^  for  tlie  mt^isuremeut  of  all  erroi*s  of  refract  ion, 
was  published  in  1885.^ 

Landolt  proposed  calling  the  test  pupiiloscopiey  because  it  was  in  the 
pnj>il  that  the  phenomena  were  to  1h?  sindietl,  and  later,  for  etymological 
reasons,  suggested  the  efpiivalent  koroscopie.  The  t*'rm  nkia^'opif  was  [U"o- 
posed  by  the  Greek  scholar  M*  Egger,  at  the  request  of  Chibret.  Being  a 
simple  word  enn?titutes  its  superiority^  to  the  pof>uIar  term  shadow-tc^l ; 
and  being  inapplicalUe  to  any  other  kind  of  examination,  it  cannot  permit 
the  confusion  which  might  arise  from  the  use  of  k6ratoscopie,  r^tinoseopie, 
or  koroscopie,  which  are  all  appUwible  to  examinations  of  the  cornea,  retina, 
or  pupil  fur  totally  different  pur]«oses. 

During  the  past  ten  years  much  has  l>een  written  about  the  test,  l>ut 
no  important  coutribution  made  to  its  development,  except,  j^rhaps,  tlie 
elucidation  of  the  effect  of  various  relations  of  the  light  aud  the  mirror  to 
the  observed  eye.  The  elaboration  of  these,  and  a  more  extended  eonsidera- 
tion  of  the  subject  than  is  here  praiticable,  are  to  be  found  in  the  writer's 
monograph  published  in  1895. 

^  The  AmerJCim  Journal  of  the  Medical  ScienceSi  April,  1885. 
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I, — THE   PURPOSE   AKD    USES   OF  THE   OPHTHALMOMETER. 

Ophthalmometry  J  as  it^^  name  iucli<3ates,  has  for  its  object  die  measure- 
ment of  the  different  partes  of  the  eye. 

Under  ophtbalmumetr}'  we  may  eunsider  two  entirely  di^tiriet  ptt^l.ilema, 
the  one  looking  to  the  general  investigation  of  tlie  dimensions  of  the  a%'erage 
normal  or  selieniatie  eye,  the  other  to  the  measurement  of  the  aetual  dimen- 
sions  of  individnal  eyet?. 

To  construet  a  schematic  eye  we  may  have  recourse  to  anatomy, — /,r.,  to 
nieasitrements  made  upon  the  cadaver;  Imt,  hy  reason  of  the  ehantres  which 
take  phiee  after  death,  the  investigation  should  l)c  conduct cil  as  iar  as  pu8Stble 
on  the  living  siilyect. 

In  his  immoilal  memoir,*  which  Tschernin^^  has  hitcly  reprinted  with 
annotations,*  Thomas  Yonni::  descrilK*s,  among  other  things,  how  he  meas- 
unxl  his  own  eye.  These  measurements  wert^  made  \vith  such  pi*ccision 
that  even  at  this  day  we  may  acrept  them  as  exail. 

Young  first  nicasunxl  the  diameter  of  the  Cf>niea  with  dividers.  He 
then  measure*!  the  height  of  tiie  cornea  by  looking  **  witli  the  right  eye  at  the 
image  of  the  left,  in  a  small  Bj>eeyhim  held  clow  tf^  the  noae,  while  the  letl 
eye  was  m  avertc^l  tliat  t!i*^  margin  of  the  tTiruea  ajipt^nxl  as  a  straight 
line;"  he  **  compared  the  iirojection  of  the  cornea  with  the  image  of  a  can- 
cellated «jcale  held  in  a  proper  dirtn^tion  behind  the  left  eye  and  close  to  the 
left,  temple/*^  Having  thus  fonnd  the  diameter  and  the  vcrscil  sine  of  the 
cornea,  he  calculated  the  radius  of  curvature,  assuming  the  cornea  to  Ije 
a  segment  of  a  sphei'e.  He  determined  also  the  ecc^entricity  of  his  own 
cornea  with  reference  to  the  visual  axis.  By  investigating  the  refraction 
of  his  eye  under  water,  he  dtscovere<l  that  the  cornea  took  no  part  in  the 
act  of  accommodation,  To  measure  the  length  of  the  eyeball  he  made  use 
of  blunt  dividers,  applying  one  of  the  tips  to  the  vertex  of  the  cornea  and 

*  PhUosopbicjil  TrauBaclions,  1801. 

»  CEuvre«  Uphtalmologiques  de  Th.  Young,  pur  M.  Tscherning,  1894 
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tlie  other  to  the  posterior  pole  of  his  eye.  In  ext*ciiting  this  remarkable 
experiment  he  ttirnetl  his  eye — which  is  statetl  to  have?  lieeti  very  prominent 
— strongly  iuwanl,  and  he  made  use  of  the  phospheues  to  assiji*e  himself  that 
the  posterior  tip  of  tlie  dividers  was  plaecil  exactly  iip(*n  tlio  posterior  |K)le. 

But  for  the  fact  that  Young's  methods  were  sui4i  jis  to  deuiand  umisual 
experimental  skill  on  the  part  of  the  observer,  the  i*epetition  of  his  measure- 
raents  by  others  might  easily  have  led  to  the  ct>nstruction  of  a  schematic 
eye.  The  complete  solution  of  this  problem  was,  however,  reachetl  by  other 
and  more  convenient  methods  devised  by  Helmholtz  and  applied  by  him 
anil  by  his  disci|*lcs. 

In  the  practice  of  ophtlialmology  it  is  the  stK^ond  of  our  two  problems 
that  mainly  interests  us,— namely,  the  measurement  of  individual  eyes  ;  for 
it  is  evident  that  if  we  could  make  such  objective  examinations  exliaust- 
ively  and  rapidly  there  would  no  longer  be  any  need  of  i-csorting  to  the 
subjective  determination  of  the  refraction* 

In  the  present  stage  of  development  of  ophthalmometry,  one  dimen- 
sion of  eapitiil  importance  eindcs  measurement,— namely ,  the  distance  of  the 
_oornea  from  the  retina,  Failing  so  important  a  measurement,  there  is  no 
ery  urgent  reason  for  investigating  cither  the  exact  position  or  the  dimen- 
Bions  of  t fie  crystalline  lens.  The  inquiry  may,  therefore,  be  confine*!  to  the 
measurcnjcut  of  the  curvature  of  the  anterior  surface  of  the  cornea  in  its 
different  meridians.  Such  measurements  are  of  interest  in  eases  of  variatitm 
in  the  tension  of  the  eye,  but  they  are  of  e8jKM?ial  imj>tn'tance  in  the  diag- 
nosis of  astigmatism,  as  enabling  us  both  to  ibrm  an  ai>proxinuite  estimate 
of  its  grade  and  to  determine  the  direction  of  the  principal  meridians. 

It  is  reas^jualjle  to  expect  that  in  the  near  future  the  applications  of 
practical  ophtludmometry  may  be  so  farexti^ndcd  as  to  include  the  measure- 
ment of  the  curvuture  of- the  ])ostcrior  suriiuc  of  tlie  cornra  and  the  esti- 
mation of  the  obliquity  of  the  crystalline  lens,  IwHides  affimling  information 
on  other  points  for  which  we  have  lunv  to  rely  on  subjet*ttve  tests. 

For  a  review  of  actual  progress  in  the  tlirwtion  of  the  Sfdution  of  these 
problems  we  refer  the  r<3ader  to  the  **  M^rnoires  d'Ophialmom^trie,"  *  in 
whirh  the  [*riiu'ipnl  memoirs  bearing  more  or  less  diiXH'tly  npun  this  pail 
of  ophthalmology  have  been  brouglit  together  in  their  original  languages. 


II. — THE   OPHTHALMOMETER   OF    HELMHOLTZ. 

The  genius  of  Ilehulioltst  inaugurated  a  new  ci*a  in  ophthalmometry. 
In  1854,  in  the  Archiv  J7ir  OjMhtdmologli\  appt:arc^I  his  juiper  **Uber 
die  AccommcKlation  des  Auges/'  in  which  he  gave  a  dctaik^l  descTiption  of 
the  ojilithalmoinctcr,  together  with  the  rt^ults  of  invt^stigations  made  with 
the  aid  of  that  instrnment. 

The  oplithalmonieter  of  Helmfioltz,  which  is  essentially  a  modification 
of  one  of  the  forms  of  the  heliomet^T,  consists  of  a  telescope  having  in  front 
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of  ite  objective  two  plates  uf  gliLSi?,  wttb  (Miralk4  plane  suriiwcs,  plat^  side 
by  eide,  bo  tliat  each  plate  currei^ixiiids  to  one-hall'  of*  the  objec*tive.  So 
long  as  the  two  platen  lie  in  the  siune  plane, 
only  a  single  imaj^e  is  seen  through  the  te!e- 
laoope ;  but  when  the  phites  are  rotateil  in 
op|K»site  (liveetions,  the  rays  emauathit*:  from 
tljo  objeet  are  st^parated  into  two  biindl<»8j 
ami  twu  images  are  seen,  tiie  distauee  wliich 
sejjamtes  these  ti^^o  images  iuea^asing  with 
the  ani^lo  tlirongb  which  the  plates  are  turncMl, 
When  the  rotation  of  the  plates  h  such  that 
the  two  images  of  a  linear  ohjcct  ai'e  seen 
exa^^'tly  in  c*<jntaet,  end  for  eocl,  the  distance 
by  which  the  two  images  are  separated  is 
exactly  equal  to  tlie  length  of  each  image ; 
the  amount  of  displatvment  of  ttie  two 
images  may  then  Im  ealeidate'd  from  the  angle  made  by  the  plates  witli  the 
axis  of  the  telesetjpe. 

This  method,  which  was  originally  employed  in  astronomy  in  the  meas- 
urement of  small  angular  dit^tanees,  as  in  the  case  of  double  stars,  has  the 
Bj>et*iai  advantage  tliat  it  does  not  recpiire  complete  immohility  oi'tlie  oliject 
U>  be  measured. 

Let  AyA^,  AoA^  (^'g*  1)  represent  one  of  the  two  refrMding  plates;  let 
OjCi  lie  an  obliquely  ineitlent  ray;  let  rjC^  l>e  tlie  siime  (refraet4?d)  ray  in  its 
course  within  the  plate  ;  let  c/ij  be  the  same  (twice  refrac^ted)  ray  emergent 
at  Cj  and  parallel  to  the  ineideut  ray  o/\.  Draw  6,r/f^  normal  to  the  two 
parallel  surfaces  at  the  point  of  ineidcnice,  and  b^c/l^  normal  to  the  same 
two  surfaces  at  the  point  of  emergence.  We  will  designate  the  angle  of 
iDcidence  b^c^a^^  which  is  equal  to  the  angle  of  emergence  i/'aflj,  by  a  ;  the 
angle  of  refraction  c/,jC,C2,  which  is  erjual  to  the  angle  tVsC,,  by  ^ ;  and  the 
tbiekness  of  the  plate  dyV^  by  L  Extending  the  emergent  ray  c^f^i  back- 
wards to/,  the  image  of  the  iwint  a*  will^  to  an  ol)server  stationed  anywhere 
in  the  line  a^r^,  appear  to  lie  in  the  direetion  of/,  and  the  line  .r,  drawn 
p<*r|i»endieularly  from  the  line  rfjCj  to  the  line  c^f,  will  represent  the  amount 
of  the  lateral  displacement  of  tlie  |>fjiut  a^. 

Now, 

i_  ^  cm/3, 


Again, 


OS 

^—  =  sin  CjC.  f  =  eln  (•  — /?). 


Bin  (a— /3) 


006  P 


The  angle  a  is  found  from  the  reading  of  the  instrument ;  knowing 
Vou  11.— 8 
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also  «,  the  index  of  refraction  fi'om  air  into  glass,  we  have,  by  the  law  of 

refra<.'ti*.»n, 

sill  a  ^  rt  .  Bin  /3. 

From  this  ecjuatiun  we  may  detliice  the  values  of  cos  ^  and  of  sin  (»  —  fi)^ 
and,  kuLiwing  idso  A,  the  tliiekiiess  of  the  glass  plate,  we  have  all  the  data 
ret| aired  fur  calculating  x. 

Inasmnch  iis,  hy  the  eonstnietion  of  the  in^tniment,  wc  have  two  plates, 
whirh  are  rotated  symmetrically  in  opposite  directions,  the  sepanition  of 
any  two  corresponding  points  in  the  double  huage  is  equal  to  2z.  Desig- 
nating 2x  by  Ef  we  have 


COS  ^ 


^) 


In  default  of  other  determinatioTis,  the  values  /i  and  n  may  l>e  calcidated 
from  measurements  made  widi  tiie  instrunuut  itself  j  but  in  pnictii:^  it  is 
quite  nnneeessary  to  know  them,  or^  indeed,  to  make  use  of  any  calculation 
in  order  to  find  the  vahie  rd*  E,  By  diiTt^ting  the  telest-c^pe  upon  a  finely 
graduated  seale,  the  sutxt^ssive  values  of  a  corresp^mdiug  to  successive 
displacements  of  tenths  of  a  millimetre  may  Ix^  observed  and  tabulated  or 
plottixl  for  sul)S(^<jueut  reference.  It  is  then  ludy  ne^'cssary  to  oljserve  the 
angle  «  through  which  the  plates  lirive  beeu  rotateii  in  onler  to  Imng  the 
double  images  into  the  [.wsition  of  contact,  and  to  take  the  cont^sponding 
value  of  E,  which  represents  the  length  of  the  image,  from  the  table. 

The  separation  of  the  double  images  corresponding  to  a  r^^itatiou  of  a*^ 
corresponds  also  to  a  rotation  of  — a°,  of  1 80°  —  «°,  and  of  1 80°  -f  «°,  To 
eliminate  instrumental  errors^  it  is  advisable  to  rep€*iit  etich  measurement  for 
these  four  positions  and  to  adopt  the  mean  of  the  four  readings. 

To  investigate  the  curvature  of  tlie  eornwx,  Hchnlioltz  obsen'ed  on  the 
cornea,  Jis  in  a  convex  mirror,  the  double  image  of  a  luminous  object  con- 
sisting of  a  group  of  thrw  snudi  flatnes  djsjM»stHl  in  a  row.  Tlie  catoptric 
ftfrcus  and  the  radius  of  curvature  of  the  cornea  are  ailculatcil  fixmi  the 
know^n  length  and  distant^^  of  tiic  luminous  object  and  the  length  of  the 
reflix-ted  image,  as  found  from  the  (ibscrve^l  value  of  the  angle  a. 

It  will  l>e  remarktxl  tlnit  the  distance  of  the  ol>servixl  eye  from  the  micro- 
metric  ]>lal:€S  docs  not  enter  into  the  formula  for  calculating  the  length  of 
the  image  formed  by  reflection  on  the  cornea  ;  it  is,  tlicrcftii\%  unnecessary 
to  know  this  distance,  and  it  is  e^nivenient  t^i  tiike  it  pretty  large.  The 
distanw  of  tlie  luniiuous  object  from  the  observetl  eye  should  also  be  large 
in  <}on)[)arison  with  the  lengtli  of  the  objcrt,  so  that  the  Icugth  of  the  image 
may  be  small  in  comparison  with  the  radius  of  rurvature  of  the  cornea; 
any  error  that  may  arisi*  from  inevitaljle  slight  variations  in  distance,  due 
to  involuntary  to-and-fro  movements  of  the  patient's  head,  will  then  be  so 
small  as  to  1m_»  sidely  negligible,  and  tluM-orneal  curvature  may  In'  adculatcd 
with  sufficient  actniracy  from  the  projHjrtiou 

Half  radius  of  curvature       distance  of  object 
length  of  image  length  of  object 
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Ta  calculate  the  configuration  of  tlie  ctjrnca,  aiii  approximately  repre- 
seuted  by  a  general  ellipsoid  (of  three  imnpial  tixes)^  it  is  necessary  to  make 
J-several  successive  measurements  of  the  iniiige,  as  formeil  l)V  rcHection  at 
clifferent  ]M>ints  taken  at  known  ungLilar  distances  from  each  otlier  on  the 
same  corneal  meridian*  Eacli  of  tire:^*  measnrements  involves  taking  the 
mean  of  four  readings^  representing  as  many  observations  ;  and  the  mcasui*e' 
raents  must  be  repeated  for  different  meridians.  The  complete  examination 
of  a  single  eye  requires,  therefore,  numerous  stances. 

nr.~THE  OPHTHALMOMETER  OF   JAVAL   AND   8CHI0TZ   (ORIGINAL 

MODEL,   1882)* 

This  ophthalmometer,  as  originally  constructed  by  Laurent  (Fig.  2), 
consists  of  a  small  inverting  telescoix?  mounted  on  a  tripcjd,  one  of  the  feet 

Fig.  2. 
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of  the  tripod  sliding  In  a  groove  in  the  board  which  serves  as  a  bo.se  fiiir  the 
instrument.  By  means  of  an  elevatinii:  scivw,  winch  raises  or  lowers  this 
ftx)t  of  the  tripod,  the  tclcs^n^pe  is  adjusted  fur  the  level  of  the  observetl 
eye ;  the  necessary  lateral  adjustment  is  effected  by  moving  the  trijK)d  on 
tlie  board.  The  componud  t»bjective  of  the  telestH>^>e  (Fl^.  3)  consists  of 
tw  o  con  vex  lenses,  bet  wn  -n  wli  irli  i  s  ^  dacwl  a  don  hly-nj'fiTicti  ng  prism .  Each 
of  these  lenses  is  of  a  ihttxl  length  of  twenty-nine  centimetres.  The  eye  to 
be  measured  is  placnl  at  D,  the  prineijial  foeiis  of  tlie  lens  B.  At  C,  the 
principal  focus  of  the  lens  ^4,tiicrc  h  formed  an  iuvertcil  image  of  the  same 
size  as  the  erect  image  formed  by  reflection  on  the  a>rnea ;  there  is  a  spider- 
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line  sight  at  Cj  for  which  the  cK-nlar  is  ffK-tissed.  A  graduated  arc  of  thirty- 
six  t'euti metres'  railius,  whose  eentre  of  curvature  tails  a  little  beyond  the 
fociis  i>  of  the  lens  B,  is  tixed  upon  the  tulx^  of  the  telcscxjpe,  so  as  to  rotate 
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with  the  tube,  ab<:jut  its  vuds.  This  arc  is  pn^vidctl  with  a  [>ointei\  which 
indicates  upon  a  stationary  gniduatal  cin'le  £  (Fi^.  !2)  tiic  au^lc  tlimn^h 
which  the  telescojK*  and  the  arc  are  rotated .  The  effix't  of  the  doubly- 
refractiog  prijjim  is  to  double  the  image  iiirnied  by  rt^fleetion  on  the  cornea 
by  exa<*tly  three  mi  Hi  metres, 

It  IS  im|Kirtant  to  choose  the  oljject.  of  such  form  that  its  image  as 
viewed  by  nflectiou  on  the  eornt^  shall  indicate  at  a  ghuice  the  equivalent, 
in  dioptries,  of  the  dilferenee  in  the  refraction  of  tlie  observed  eye  in  its  two 
principal  mcriilians.  The  ol>j<_H?t  which  has  l>een  adopted  as  best  fulfilling 
this  requirement  is  a  pair  of  white  enamel  ltd  sights  (mireji)^  tlie  one  rec- 
tangular in  shaf>e,  the  other  cut  in  a  stories  of  ste|>s,each  step  measuring  six 
millimctn^.  Tliest*  two  mtres  are  arrangttl  to  slide  upon  the  gradiiatnl  arc ; 
when  pro|>erIy  adjusted,  their  images,  doubled  by  the  prism  in  tlie  objective 
of  the  telescope,  are  seen  reflected  on  the  cornea  of  the  observed  eye,  as 
shown  in  Fig.  4.*  The  arc  is  sup|K>sed  to  be  se»t  in  the  horizontal  meridian, 
which  is,  as  a  rule,  approximately  the  meridian  of  minimum  curvature  of 

the  corn<'fL 

Fio.  4. 


The  ophthalmc>mctcr  of  Java!  aucl  Schiotz,  a**  comjiiaretl  with  that  of 
HelmlioltZj  present!*  several  important  advantages, 

1.  Tlie  suppression  of  the  error  of  O)llimation,  which  is  effected  by 
the  substitution  of  the  doubly-refracting  prism  for  the  heliometric  plates ; 
the  bundles  of  luminous  rays  by  which  tlte  two  images  are  formed  are  oones 
having  a  common  circular  base,  instead  of  half-eones  with  semicircular 
bases. 

2.  The  suppression  of  all  cah*ulation,  enabling  the  observer  to  read 
dire<'tly,  in  dioptries,  the  refraction  lor  each  meridian. 


*  Fig*  4  thowa  the  moditied  fbmi  of  mires  adopted  in  the  new  model  (tide  Fig.  5), 
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3.  Tlie  reduction  of  the  iiuniber  of  readings  to  one  for  each  corneal 
meridiaiL 

4-  The  possibility,  in  a  case  of  astigmatism,  of  finding  directly  the 
meridians  of  niaximnni  and  iiiinimuni  curvature,  thereby  effct*ting  an  enor- 
mous  saving  of  time  in  this  fundamental  ticterrui nation, 

5.  The  doing  away  with  the  need  of  a  special  darkened  room,  the 
nieaiiiurements  being  made  cither  by  daylight  or  by  artificial  light, 

6.  The  smaller  dimensions  of  the  instrunieut,  enabling  it  to  be  placed 
ready  for  use  on  aoy  ordinaiy  table. 

7.  A  reduction  of  at  least  one-half  in  the  cost  of  the  instrument.* 

IV. — ^THE   OPHTHALMOMETER   OF    JAVAL   AND  8CHI5TZ   (LATEST 

MODEL,  1889). 

The  latest  uiiKlcl  (Figs.  5  and  6)  differs  in  many  respects  from  the 
earlier  forms  of  the  instranieut. 

The  compound  objective  of  the  telescope  is  of  increased  diameter  and 
of  somewhat  shorter  l^x!us,  thus  materially  enhancing  the  brightness  of  the 
images. 

The  focussing  of  the  cross-lines  is  rcgidated  by  a  helical  groove  cut 
in  tlie  tul>e  of  the  ocular,  thus  making  it  very  easy  for  the  observer  to 
readjust  the  ocular  to  suit  his  own  eye  when  the  mmo  iustruuient  is  used 
by  different  persons. 

A  large  enamelled  disk^  upon  which  the  degrees  are  conspicuously 
painted  in  inverted  characters,  stands  just  behind  the  arc  whi(*h  carries  the 
mires.  The  degi'ees  ai-e  uumbcrctl  from  0°  to  180"^,  and  again  from  0^  to 
180^,  around  the  peripljery  of  the  disk,  so  that  both  extremities  of  the 
corneal  meridian  corresponding  to  any  diameter  of  the  disk  are  iudieateil 
by  the  same  number.  The  inverted  numerals  aj>|iear  erect  and  in  correct 
position  for  reading  from  the  image  of  the  disk,  when  reversed  by  reflection 
on  t!ie  cornea  and  vieweil  through  the  in  verting  telescope.  The  fat^e  of 
iJhe  disk  is  of  black  enamelj  with  eon(x^ntric  white  ciR^lcs  whose  radii  repre- 
it  tangents  of  arcs  nieasurtHj  from  tiic  middle  point  of  the  arc  which 
carries  the  mires ;  these  circles  c*orrespond  to  ditierentx's  of  6°,  l^etwoen  the 
limits  5*^  and  45^.  By  dirc(*ting  the  observed  eye  upon  any  designated 
point  on  one  of  these  circles,  tlie  curvature  of  the  cornea  may  l>e  measured 
at  any  required  angular  distance  from  the  point  of  intcrsoction  of  the  visual 
line.  A  snde  markctl  on  one  of  the  diameters  of  the  disk  cuaVilcs  the 
instrument  to  Ijc  used  also  as  a  pnpillometer.  The  sjMrial  pur{x>t!e  sub- 
served by  the  large  disk  is  to  enable  the  observer  to  reatl  the  angk^  of  in- 
clination of  the  meridians  of  ixJ'^'fitcst  and  least  curvatun^  dire(?tlv  from  the 

-  ( 

reflected  image.     To  this  end,  each  of  the  mires  is  ftirnislnHl  with  a  short 
white  pointer;   a  long  white  jKunter,   indicating  the    meridian   at    right 


*  For  additional  details,  vide  Tranftactioiu  of  tlie  Seventh  Interniitional  Ophtbalmo- 
logicml  Congreis,  Heidelbei^,  1888. 
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angles  to  that  marked  by  the  short  pointer,  is  attached  to  the  centre  of 

the  arc^ 

Fio.  6. 


The  white  enamelled   mires   are   mtHiDtetl   on   a  background  of 
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velvet*  The  reitiintrular  mire  is  damped  in  a  fixed  position  on  the  are  ; 
the  contact  of  the  doubled  images  is  etJet^ted  hv  moving  the  stepped  mii-e 
along  the  arc, 

A  recent  very  useful  addition  to  the  ophthalmometer  is  the  artifieral 
astigmatic  cornea  (^^^8*  ^)>  which  is  made  of  polished  metal,  aud  mounted 

Flo.  7. 
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on  a  small  disk  so  as  to  rotate  within  a  graduated  circle,  an  arrow  engraved 
on  the  movable  disk  serving  to  indicate  tlie  dircH?tiou  of  the  pniicipal 
meridian  of  gn^ate^t  curvature.  When  the  arrow  points  to  zero  the  me- 
ridian of  greatest  curvature  is  vertical,  and  the  astigmatism  is  **  acetvrtling 
to  the  rule.'^  For  this  meridian  the  reading  of  tlie  overlapping  steps  in- 
dicates 44.2  dioptrics,  and  for  the  other  principal  meridian  42.5  dioptries ; 
the  difference,  44.2  —  42.5  D,  ^  1.7  D,,  is  the  measure  of  the  astigmatism 
of  the  artificial  cornea. 

The  aitificial  cornea  is  of  particular  service  to  those*  who  have  occasion 
to  verify  the  exactness  of  their  instrument,  especially  in  the  case  of  instni- 
mefits  made  elsewhere  than  in  Paris.  It  is  also  of  great  value  to  students 
in  learning  the  use  of  the  ophthalmometer,  enabling  them  to  practise  as  long 
as  they  please  without  trying  the  cud u ranee  of  a  patient,  and  als**,  by  reason 
of  the  great  brilliancy  of  the  images,  to  make  the  readings  with  ease  and 
precision.  The  known  value  of  the  ratlii  of  curvature  of  the  artificial 
cornea  for  the  two  principal  meridians  aftonls  tlic  means  of  con  trailing 
the  accuracy  of  the  measurement. 

Tlie  use  of  the  ophtlialniometer  iuchi<les  si^v^eral  opc^rations,  all  of  wliirh, 
with  a  little  practices  »i*iy  1«^  executes!  very  rapidly.  In  enumerating  them 
we  follow  in  the  main  Dr.  Motais/ 

1.  We  begin  by  rotating  the  tulje  of  the  ocular  until  we  obt^iin  a  clear 


M ^moires  d'Ophtalmonidtrie* 
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view  of  the  cross-lines.  The  ocular  should  then  be  tuiTied  slowly  to  the 
left,  so  as  to  draw  it  out  to  the  greatest  extent  that  is  compatible  with 
seeing  tlie  lines  sharply  defined.  This  preliminary  adjustment  is  of  the 
greatest  importance,  a.s  euabliug  the  observer  to  see  both  the  cross-lines  and 
the  mires  without  making  use  of  his  ace<.)mmo<lation, — a  very  nece^ary  pre- 
caution for  securing  accuracy  of  ol^servation,  besides  saving  needleaa  fatigue. 
It  is  evident,  therefore,  that  the  adjustment  of  the  ociilar  ought  always  to 
be  the  same  Ibr  each  particular  observer,  and  that  it  should  be  made  anew, 
in  every  case  in  wliich  it  has  been  disturbed,  before  entering  upon  the 
examination  of  an  eye. 

2*  We  next  make  sure  that  the  head  of  the  patient  is  firmly  su|>p(>rted 
in  the  head-piece  of  the  instrument,  with  the  two  eyes  exactly  on  the  same 
level ;  this  condition  is  indispensable  for  ascertaining  the  precise  direction 
of  the  principal  meridians.  Tlie  images  of  the  mires  are  then  brought 
into  the  field  of  the  telescop  by  moving  the  entire  instrument  to  the  right 
or  to  the  left  on  its  base  and  making  the  necessary  vertical  adjustment  by 
means  of  the  elevating  screw. 

3,  We  have  now  to  focus  the  instrument  for  the  image.  With  one  hand 
on  the  cast-iron  trij>od  and  tlie  other  on  the  elevating  screw,  we  move  the 
instrument  for^vartl  or  Ijackward,  according  as  tlie  image  is  seen  more  or 
less  sharply  definixlj  until  we  obtain  the  sharpest  definition  possible;  we 
next  bring  the  image  into  the  centre  of  the  field  by  slight  lateral  movemenlifl 
of  the  instrument  and  by  a  further  adjustment  of  ttie  elevating  screw.  We 
now  see,  pictured  upuu  the  cornea  of  the  observed  eye,  two  overlapping 
imagers  of  the  large  disk.  In  the  area  defined  by  the  overlapping  por- 
tions of  the  two  disks  M^e  see:  (1)  an  image  of  the  stepped  mire  crossed 

at  its  C!entre  by  a  black  guide-line,  and  (2)  an  image  of  the  rectangular 
mire  crosscnl  also  l>y  a  Ijlack  lim\  We  take  account  only  of  these  central 
images,  paying  no  attention  U)  the  lateral  images  of  the  mires  whidi  will 
be  visible  near  tlie  outer  limits  of  the  field  when  tlie  instrument  is  properly 
centred. 

4.  When  the  eye  under  examination  is  astigmatic,  we  see  that  in  certain 
positions  of  the  arc  the  guide-lines  on  the  mires  do  nut  lie  in  a  continuous 
right  line  (Fig.  8).  We  bring  them  into  line  by  rotating  the  arc^  with  the 
left  hand,  turning  it  to  the  riglit  or  to  the  left  as  may  Ije  neeessar}'.  At  the 
same  time,  with  the  right  liaud,  we  move  the  stt^jiped  mire  along  the  ; 
until  itvS  image  is  seen  exactly  iu  c<mtact  with  that  of  the  rectangular  mir 
as  shown  in  Fig,  9.  At  this  stage  of  tlie  oljscrvation  care  should  be  take 
to  focus  the  image  [perfectly  by  moving  tlie  instrument  as  a  whole,  witlioD 
disturbing  the  adjustment  of  the  (wndar  which  has  bfx^n  already  focnsse 
for  its  cross-lines.  Particular  cjire  shtiuld  l>e  taken  in  this  act  of  fix-ussiii 
to  draw  the  entire  instrument  as  far  away  from  the  observed  eye  &s 
ble  without  impairing  the  definition  of  the  mires.  The  doubh**!  imag<» 
the  disk,  which  lies  iu  a  plane  a  little  behind  the  mires,  will 
slightly  blurred. 


If  after  this  rotation  of  90°  it  is  seen  that  the  images  of  the  two 
mires  are  not  exactly  in  line^  we  hv'mg  them  into  eorrtxrt  position  hy  turning 
the  instrument  a  lew  degrees  to  the  right  or  to  the  left. 

In  this  seeond  position  of  the  are  the  images  of  the  two  mires  will 
probably  he  seen  to  overlap,  m  shown  by  a  prououueecl  milky  whiteness 
of  some  of  the  steps  of  the  stepped  mire  (Fig.  10). 


FlQ,  9. 


FiQ.  10. 
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When  this  overlapping  ol*  the  mires  occurs  in  the  verticral  or  approxi- 
mately vertical  position  of  the  nn\  the  astigniatism  is  **  aet*oi*ding  to  the 
rule  f '  that  is  to  siiy,  the  meridian  of  greatest  eurvatnre  is  verticiil  or 
approximately  vertieah     We  next  note  the  number  of  overlapping  steps, 
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each  vvliite  step  represc^ntiiii;:  one  dioptrie  of  astigmEtism,  and  each  fmction' 
of  a  st4?p  representing  a  fmctiuo  of  a  diuptrie.     For  example,  iu  the 
of  tilings  representeil  by  Fig,  10  we  read  one  and  a  half  dinptries. 

Having  nwteil  tlie  degrw  of  astigmatism,  we  observe  the  directiol 
the  princijial  meriiliaa  uf  greatest  refmction  by  reading,  from  the  uumbc 
painteil  on  the  cireiimfereEee  of  the  disk,  the  angle  indicated  by  the  pointers 
on  tlie  niiret*  in  the  si-eond  |K)SJtion^  or  by  the  long  pointer  in  the  fi: 
position  uf  the  instrument. 

These  two  numbers  are  identical  when  the  meridians  of  greatest  and 
least  eurvattire  are  at  right  angles;  if  this  is  not  the  ease,  both  number? 
shoo  Id  ij»c*  noted. 

If,  on  turning  the  arc  into  the  vertical  |>osition,  the  mires,  instead 
overlapping,  are  seen  to  recede  frcim  eaeh  otluT,  the  astigmatism  is  **  cont 
to  the  rule ;"  that  is  to  say,  the  meridian  of  greatest  curvature  is  horizontal 
or  approximately  licuizuntah 

In  diis  ease  we  may  obtain  an  approximate  reading  by  the  aid  of 
small  white  sijuares  (not  shown  in  the  tigniv)  at  tlie  sides  of  the  stepjied' 
mire,  each  of  these  scpiares    reijreseiiting  a   value   of  one  dioptrie; 
measurements   made   iu    this  way  are    inexact,  by  reason  of  the  deft 
ive  aehroniatisni  of  the  instrument  (the   prism  of  Wollaston  c^annot  be 
achroniatiz<:Kr).     It  is  preferable,  therefore,  in  this  second  |x>sition  of  the 
arc,  to  bring  the  images  again  into  contact  by  moving  the  stepped  min% 
and  to  read  the  numl>er  uf  diuptries  of  astigmatism  after  turning  the 
instrinnent    back    to    the    fii'st    (horizontal    or   approximately  horizontal) 
jjositiou. 

It  is  sometimes  desirable  to  obtiiin  a  closer  approximation  than  is  aftbrded 
by  observing  the  overlapping  of  the  steps ;  in  such  a  ease  we  may  bring  tlie 
images  of  the  mires  into  tlie  position  of  exact  contiM*t  and  take  tl»e  reading 
from  the  graduation  on  the  arc.  If,  as  is  generally  the  case,  the  rectangalar 
mire  is  claunK-^d  at  the  division  marktd  20,  we  obtain  the  r^H^uired  value  tn 
dioptries,  tor  the  meridian  for  which  the  are  is  set,  by  adding  20  to  the 
reading  of  tlie  stepped  mire.  We  proceed  in  the  same  manner  for  the 
other  principal  meridian,  and  by  su!)t meting  one  number  from  the  other 
we  obtain  the  measure  of  the  astigmatism  in  dioptries,  ^^ 

Whenever,  iu  passing  to  the  measurement  of  the  second  eye,  it  is  founJ^f 
necessary  to  make  any  considerable  change  iu  the  elevating  screw  in  order 
to  bring  the  image  into  the  Held,  it  is  a  proof  that  tlio  patient  hiis  inclined 
his  head  towards  one  or  the  other  shoulder  :  in  sucii  a  rase  the  position  of  the 
henil  must  l>e  rwtifit^  and  the  measurement  made  anew  from  the  beginninj 
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V* — OPHTHALMOMETRY    AFTER   CATARACT   OPERATIONS. 

Inasmuch  as  the  eye,  after  it  has  been  openited  uiKin  for  cataract,  has  i 

longer  any  erj'stalline  lens,  it  miglit  uatm^ally  be  assumed  that  in  this 
ticular  casf*  the  infurniation  obtainetl  from  ophthalmometry  would  lie  mxi 
precise.     In  fact,  the  total  astigmatism  diflers  from  the  eorneal  astigmatis 
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SO  far  only  as  the  latter  may  be  affected  by  astigmatism  of  the  posterior 
surface  of  the  cornea. 

Nevertheless,  even  here  we  encounter  certain  minor  difficulties.  For 
instance,  immediately  after  the  operation  of  extraction  there  is  developed  a 
notable  grade  of  inverse  astigmatism, — that  is,  of  astigmatism  "  contrary  to 
the  rule."  E.  Javal,  on  examining  an  eye  three  days  aft^r  an  extraction, 
found  an  inverse  astigmatism  of  seven  dioptrics.  Little  by  little  this  astig- 
matism diminishes,  until,  in  the  course  of  two  or  three  mouths,  as  the  case 
may  be,  it  is  found  to  have  &llen  to  between  one  and  two  dioptrics,  after 
which  it  undergoes  little  further  change. 

Scimemi  and  Weiss  have  sought  the  cause  of  this  inverse  astigmatism 
in  an  imperfect  coaptation  of  the  lips  of  the  incision,  in  consequence  of 
which  the  corneal  curvature  is  diminished  in  the  meridian  perpendicular  to 
the  line  of  the  cicatrix.  As  cicatrization  progresses,  the  borders  of  the 
incision  are  gradually  drawn  closer  together,  but  there  still  remains  a 
certain  difference  in  level,  with  some  permanent  flattening  in  the  vertical 
meridian. 

On  the  other  hand,  Laqueur^  has  reported  a  case  in  which  an  astigmatism 
of  several  dioptrics  "according  to  the  rule"  was  found  after  a  cataract 
operation.  Although  this  case  would  seem  to  tell  against  the  explanation 
just  cited,  it  is  nevertheless  possible  tha^  in  this  particular  instance  there 
may  have  been  a  very  high  grade  of  astigmatism  "  according  to  the  rule" 
before  the  operation,  and  that  some  part  of  this  direct  astigmatism  may 
have  persisted  after  the  operation. 

The  question  is,  in  fact,  not  altogether  a  simple  one.  Chibret  has  shown, 
and  Ostwaldt  has  verified  the  observation,  that  the  subjective  examination 
not  infrequently  reveals  an  astigmatism  of  lower  grade  than  that  shown  by 
the  ophthalmometer.  This  may  depend  on  the  fact  that  the  cornea  is  not  a 
tnie  ellipsoidal  surface  of  three  unequal  axes  with  its  vertex  in  the  visual 
line :  in  other  words,  it  will  not  do  to  ignore  the  angle  alpha. 

Again,  when  the  operation  has  been  combined  with  iridectomy,  also  in 
many  cases  of  simple  extraction,  the  pupil  is  notably  deformed  and  dis- 
placed ;  in  such  a  case  the  rays  which  go  to  form  tlie  retinal  image  must 
enter  the  eye  through  a  more  peripheral  part  of  the  cornea  than  that  meas- 
ured by  the  ophthalmometer,  and  in  this  way  a  new  cause  of  error  may 
arise. 

Ostwaldt  has  called  attention  to  another  important  fact.  The  ophthal- 
mometric  formula  assumes  for  the  cylindrical  correcting  glass  a  position  of 
actual  contact  with  the  cornea ;  but  in  the  higher  grades  of  astigmatism, 
such  as  are  oflien  found  afl;er  extraction,  the  distance  of  a  centimetre  or  more 
from  the  cornea,  at  which  the  cylindrical  glass  is  necessarily  worn,  must  be 
taken  into  account  in  comparing  the  results  obtained  by  ophthalmometry 
with  those  reached  by  subjective  tests. 

^  Ifteoires  d'Ophtalmom^trie,  p.  140. 
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VI. — EMPIRICAL    FORMULA    IKUICATING   THE   TOTAL   ASTIGMATISM 

It  is  not  irn|K>ssiblc  tliat,  when  ophthalmometr}*  shall  have  made  suf- 
ficient progress?!,  we  may  Ix*  able  to  conritriici  a  curve,  or  establish  an  em- 
pirical furnuila,  by  means  of  which  tlie  ]>robable  total  astip^niatism  may 
be  calculatt^Nl  from  raea.suremeDt^  of  the  amirdl  etirvature  as  made  with 
the  o]>hthaliijymeter. 

For  the  present  we  may  adopt,  as  iairly  in  accord  with  the  data  derived 
from  observation,  a  formula,  of  the  first  degree,  of  the  form 

y  ^  a  -}-  bjT. 


I 


Until  we  can  take  into  account  a  greater  number  of  elements  than  is  now 
possil>le,  it  will  be  nselei58  to  introduce  terms  of  a  higher  degree  than  the 
first.  The  tbrmula  suggests  an  analogy  with  anthroixinietric  methods, — 
namely,  having  given  a  single  measurement  of  the  iodi vidua],  such  as  the 
length  of  a  finger,  or  tlie  coi'ueal  astigmatism,  to  deduct^  from  it  other  char- 
acteristics of  the  individual ;  in  the  piTsent  ease  the  total  astigmatism.  lafl 
the  formula  which  we  liave  just  indicated^  ;f/ represtnits  the  ti>tal  astigmatism 
and  X  the  corneal  astigmatism  ;  it  n*raains  to  find  values  for  the  two 
coustanls  a  and  A. 

The  in<le(K^ndent  term  a  is  probably  determined  in  great  part  by  astig- 
matism of  the  posterior  surface  of  the  cornea.  AiXfoniing  to  Bull  and 
Chibret,  the  value  of  this  term  is  about  tliree- fourth  a  of  a  dioptrie  in  the 
invei'se  sense, — i.e.^  — ^0.75  i\  In  fac^t,  when  we  maisitre  an  eye  in  which 
no  subjective  astigmatism  can  be  dcttM:'teil,  the  statistics  of  Nonleuson  and 
of  S<'hiotz  sliow  that  there  is  genemlly  prt^seut  from  0.5  dioptric  to  0,75 
dioptrie  of  Cfirneal  astigmatism  **  according  to  the  rule/'  and  also  that  when 
tlie  anterior  surface  of  the  cornea  shows  no  astigmatism  there  is  gcncndly 
found  an  inverse  subjective  astigmatism  of  about  0.75  dittptric.  Numerous 
observations,  made  by  different  invcBtigators,  show  that  this  astigmatism, 
wliich,  to  avoid  prejudging  the  casc%  we  shall  call  internal,  and  which  is  on 
the  average  equal  tit  — 0.7*5  dioptric,  may  be  cither  great c*r  or  less  than  this 
mean  by  alx)ut  one  dioptrie.  It  ai>poars,  then,  that  the  unrmally  constnicted 
eye  shows  a  .slight  direct  astigmatism  of  the  anterior  surface  of  the  cornea, 
and  that  this  diixt^t  corneal  astigniatism  is  ai>proxiniately  neutralized  by  an 
inverse  internal  astigmatism  of  the  same  gmde. 

The  factor  £»,  whose  value  has  also  been  dctermintxl  empirically^  dejiends, 
probably,  upon  a  dcfl»rmatiou  of  the  crystalline  lens,  giving  rise  to  an  astig- 
matism propurtiouul  to  that  of  the  corm^, — to  a  sympathetic  astigmatism, 
we  might  almost  say.  In  this  ctiefficient,  which  has  bwn  found  to  be  equal 
to  about  1.25,  is  incbidf^l  also  the  clmuge  in  the  effective  value  of  the  cvlin- 
dric  glass  due  to  its  distance  lri>m  tljc  cornea  when  the  eye  is  examined 
subjectively.  ^^M 

Inserting  these  numerical  values  of  a  and  6  in  our  formula,  we  have 
y^  — 0.75D.  -f  1.25  X. 
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For  the  case  in  which  tlie  total  astigmatism  is  equal  to  zero,  the 
equation  becomes 

1.25  a:  — 0.76  D.  =0. 

^  =  ^D.=0.6D. 
1.25 

If  we  assume  a  series  of  values  for  a?,  we  obtain  from  our  formula  the 
following  table,  showing  the  relation  between  the  corneal  astigmatism  and 
the  total  astigmatism : 

Corneal  astigmatism  (x)  =0.         1.        2.        8.        4.        5.        6. 
Total  astigmatism       (y)  =  — 0.75    0.50    1.75    8.00    4.25    5.50    6.75 

It  will  be  observed  that  when  the  corneal  astigmatism  amounts  to  three 
dioptrics  the  total  astigmatism  and  the  corneal  astigmatism  are  equal. 

Fig.  11  shows  the  construction  of  the  cnrve  (which,  being  of  the  first 
degree,  is  a  straight  line)  corresponding  to  the  formula 

y  =  —0.75  D.  -h  1.25  x. 


In  this  figure  the  abscissas  represent  dioptries  of  corneal  astigmatism 
and  the  ordinates  dioptries  of  total  astigmatism. 

It  goes  witliout  saying  that  neither  the  formula  nor  the  values  of  the 
coDStantB  a  and  6  are  definitively  established.  As  a  first  approximation  to 
the  tmth,  it  may  be  said  that  the  total  astigmatism  differs  but  little  from 
ihe  oomeal  ast  *     A  second  approximation  may  be  expressed  by  the 
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statement  thut  in  lu^h  grades  of  direct  astigmatism,  aod  generally  in  inverse 
astigmatism,  the  total  astigmatism  is  gtx^ter  tliao  the  eorneal  astigmatism. 

For  the  pi'esent,  as  lias  been  already  stat<xi,  the  observed  facts  am  best 
expressed  iu  the  form  of  an  e(|imtion  of  the  tii^st  degix?e  ;  hut  it  is  to  Ije 
expe<jtevi  not  only  that  the  iiideptiident  et>ii.stant  a  and  the  eoeftieient  b  will 
have  to  be  ratxhfied,  but  also  that  one  or  more  terms  will  have  to  be  added, 
by  which  thee<juadou  may  be  transformed  into  one  of  the  seeond  or  even  of 
a  higher  degrw.  It  is  not  nn reasonable  to  ho)>e  tliat,  in  the  light  of  wider 
experience,  the  formula  tiiay  lie  so  perfected  as  to  render  real  service  to 
ophthalmology. 

VIL — PRACTICAL    APPLICATIONS. 

When  MM.  E.  Javal  and  H.  Schiotz  devist^l  their  practical  ophthal- 
mometer, they  preferred  to  leave  to  their  eonfri^rej*  the  phnisiire  of  setting 
forth  its  applicatiojis,  thinking  tliat  it  was  not  for  them  to  insist  upon  the 
utility  of  their  own  int^tnuneat.  The  various  resean'lies  which  have  lK*en 
made  by  means  of  the  ophthalmometer  have  been  brought  together  in  the 
volume  entitled  "  M^moires  d'OphtalmomC^tne/'* 

L  Staimili^M. — ^The  first  appliratii>u  of  the  new  instrument  was  naturally 
ill  the  examination  of  a  i^usideral)le  nnmljer  of  normal  eyes*  This  was 
undertaken  by  Nordejxson,  wl*o  in  1882,  at  the  Jlcole  Alsacienne,  examined 
the  eyes  of  one  hundrwl  and  iilly-eight  pupils  with  the  ophthalmometer, 
and  also  w^ith  the  ophthalmoseoi>e  and  with  the  optometer*  In  his  memoir 
he  states  the  foll<>wiug  eouclusioufi  : 

(rt)  Conformably  to  wimt  lias  Ix-en  stated  by  Donth'i^,  Mantliner,  and 
others,  in  the  case  of  eyes  fr€^?  from  astigmatism  the  radius  of  eorne^'il  cur- 
vature is  the  same  for  the  two  eyes  ;  the  ditierenee  is  generally  so  slight  as 
not  to  be  maisurable. 

(b)  In  chihlreii  free  from  astigmatism  the  acuteness  of  vision  is  equal, 
as  a  rule,  to  fidly  onoe  and  a  half  the  normal. 

(r)  Df  emmctro|KS,  nine  out  of  ten  show  a  measurable  grade  of  astig- 
matism ;  the  proporliuu  is  even  greater  in  the  case  of  liyjx^rmet ropes,  and 
greater  still  in  the  case  of  myopes. 

(d)  Of  a  tfital  i*f  two  huiub^Hl  and  twenty*six  chihlren,  sixty-niiie  had 
astigmatism  of  at  least  one  dioptric  in  cme  eye, — that  is  to  say,  of  a  grade 
so  high  that  it  ought  to  have  lM?eu  repoilid  to  the  parents,  with  a  warning 
as  to  the  necessity  of  calling  in  the  aid  of  a  specialist,  cither  immediately 
or  on  the  appearance  of  the  tirst  symptoms  of  myopia  or  of  asthenopia. 

(/')  Of  the  same  two  hundred  and  twenty-six  children,  four  had  astig- 
malism  of  a  grade  higher  than  one  an<l  a  half  dioptries.  These  childrt*n 
ought  at  once  to  have  Ix^n  providc^l  with  suital)le  glasses. 

(/)  In  young  pu]vils,  normal  aeutencss  of  vision  is  compatible  with  a 
eorneal  astigmatism  of  at  least  a  dioptric  and  a  half. 

(g)  The  observations  made  upon  the  pupils  o(  the  fiajle  Alsacienne 
supjKiit  the  theory  tluit  in  young  |x^rsons  the  crystalline  lens  plays  a  part 
in  the  correction  of  astigmatism. 
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(ft)  The  same  t»l>scT\^atu>Di5  appt-ar  tihu  to  ciuifirm  the  statement,  made 

f  igo  by  Javal,  tliat  iii?tif;:matisra  predispuses  to  myopia ;  in  fact,  not  a 
single  ease  of  myopia  was  found  amoog  tlie  nine  pupils  wlio  were  entirely 
frec^  from  corneal  a.^tlgmatism,  wdiereas  among  the  thirty-three  myopes  not 
one  hud  eyes  free  from  a-stlgmatisui,  and  two-thirds  liad  at  least  a  half- 
dioptrie  of  this  defect  in  both  eyes. 

The  following  year  Sehiotz  tx>ndtieted  a  similar  statintieal  investigation 
upon  nine  hundred  and  ^ixty-nine  eyes  uC  pupils  of  the  Cathedralrfehule  at 
Christiania. 

The  |)erc*entage  of  eye^i  free  from  e^irueal  astigmatii^m  wai?  found  to  l>e 
about  fiftetni  j  neglecting  astigmatism  of  tme-fbuitli  or  one-thii*d  dioptric, 
the  |>ercentage  varies  somewhat  from  this  figure.  The  percentage  of  (mses 
of  corneal  astigmatiHira  "according  to  the  rnle^*  w^os  found  to  Ix^  very  near 
Bixty-tive,  and  of  cases  of  corneal  a^stigmatism  *' contrary  to  the  rule^*  about 
fifteen  ;  in  al)out  five  per  cent  of  the  eyes  cxaminetl  the  direction  of  the 
principal  meridians  it*  given  a^  oblique. 

It  is  to  lie  remarkal  tliat  thi.s  last  percentage  varies  conaiderably,  ac- 
cording to  different  authors,  Sehiutz  included  in  this  category  only  those 
eyes  whose  principal  mtTidians  showed  a  variation  of  at  least  20*^  from 
the  verti<^l  and  horizontal. 

lieuss,  who  examined  the  eyes  of  ninety-five  young  i>erson3  between 
seven  and  twenty  ycara  of  age,  states  that  the  curvature  of  the  cornea 
undergoes  no  change  up  to  the  age  of  twelve,  hut  that  beyond  this  a^c  it 
sliows  a  slight  inereaise.     Nordenson  hail  not  observetl  any  such  difference. 

Si'liiotz  followed  with  a  sjjecial  investigation  of  the  corneal  eiirvature  in 
myopia,  in  hypermetropia^  and  in  emmetropia ;  but  in  no  one  of  these  con- 
ditions did  he  di:^*over  any  definite  law, 

Donders  and  Reuss  Ibund  a  somewhat  greater  radius  of  corneal  curva- 
ture in  myopia  tlu^n  in  emmetropia.  Mauthner,  Nordenson,  and  Schiotz, 
on  the  other  hand,  foun<l  the  radius  nf  curvature  a  little  less  in  myopia. 
All,  except  Reuss,  have  foimd  t!ie  radius  of  eur%^ature  greater  in  hyj>er- 
metropia  than  in  emmetropia. •  It  is^  in  fact,  reraarkal>le  how  greatly  the 
radius  of  eiirvature  may  vary  for  the  sjirne  r«:^fra<'tive  <*ondition.  In  emme- 
tropia the  radii  of  curvature,  as  meawurLHi  by  &hiotZj  varitK:l  between  the 
limits  8.657  millimetres  and  7.243  millimetres,  or,  in  dioptrics,  between 
f.38.8  D.  and  45.3  D,, — a  differenee  of  not  less  than  0.5  1>. 

P^'rom  these  figures  it  would  ap|K^ir  that  variations  in  the  radius  of 
corneal  curvature  do  not  play  any  great  r6k  in  determining  the  refraction. 

A  still  more  conclusive  prcM>f  is  afforckxl  by  observations  made  on  anti- 
metropes.  As  a  rule,  in  such  jiersims  we  find  the  same  i-adius  of  eornt^l 
curvature  in  both  eyes,  even  when  one  of  the  eyes  is  highly  myopic. 

Referring  to  the  work  of  Bourgeois  and  Tst^herning/  it  will  be  seen  that 
the  general  measurements  of  the  body,  and  especially  the  dimensions  of  the 


1  H^moires  d'Opbtalinom^trie,  p.  24L 
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l^endf  fihow  a  positive  relation  to  the  radius  of  corneal  curvature:  thus, 
lart^f  men  have  larger  eyes,  with  eorres|»ondingly  greater  radius  of  cornea! 

i?urvutiirf%  The  cjut^tion  of  the  existem'e  of  such  a  condition  a.s  myopia 
of  rurvatnre  eannut,  therefore,  be  settled  until  a  cyeffieiefit  expressing  tlie 
ft^hitiun  Lietween  the  size  of  the  eyeball  and  some  partieolar  dimeDsion  of 
the  head  has  l)een  et^tablished  for  eiiiiiK^tropia.  When  this  shall  have  been 
done  it  is  almost  ctn'tain  that  easi\s  of  myo]iia  of  eurvature  will  Ik^  diseovered. 

2.  Tmabkii  to  which  Asiiquifdm/i  fnni/  give  riM\ — ^To  tletermine  whether 
thei'e  exists  any  definite  eounei^tion  between  astigenatisni  and  other  oeular 
alTStiiijas,  it  was  nf^'essary  first  to  collect  statistics  based  ou  the  examination 
of  liitY^'  numWrs  of  diseased  eyes. 

The  firtit  inve^tigaition  undertaken  with  a  view  to  throwing  light  upon 
this  *j*ieHti<Kn  is  that  of  Laqueur  (188.3);  liis  paper,  reprintetl  in  the  **  M6- 
ijuiires  irophtalnidm^trie/'  merits  a  ttireful  reading. 

AlU'nti(m  should  also  be  directe<l  to  the  important  work  of  Pfalz  (1885), 
rf'printi'^l  in  the  ^*  M^nioires/'  in  which  a  positive  relation  is  shown  between 
glau(**>ni!i  and  astigmatism  "  contrary  to  the  rule," 

Iiiistly,  in  nutnerous  articles,  in  which  he  has  occasionally  gone  somewhat 
fiirHit^r,  (KThaps,  tlian  the  facts  warrant,  Martin,  of  Bordeaux,  ha^  called 
iiKrutiou  to  the  [mrt  played  by  astigmatism  in  a  great  number  of  ^x^ular 

ttll'lTtillllS. 

We  give  here  a  partial  rhtitnf^  of  Martin's  concUisions : 

(a)  Whereas  iLstrgmatism  of  high  grade  is  a  cause  of  amblyopic  vision, 
tlie  lower  gratles  of  astigmatism  are  among  the  most  frequent  causes  of 
iUiUient»pia :  this  dej^nds  on  the  fact  that  the  moderately  astigmatic  eye  is 
(Minstantly  making  efforts  to  see  distinctly,  whereas  in  the  ease  of  highly 
ftstigmati**  eyt*s  such  efforts  are  unavailing,  and  arc,  therefore,  not  made. 

(A)  Astigmatism  is  often  an  active  cause  of  relapsing  keratitis,  of  the 
type  generally  reganled  as  scrofulous.  In  young  scrofulotis  subjects  re- 
laiirtes  an*  mu<"h  rarer  wlien  correcting  cylindrical  glasses  are  worn. 

(r)  Ilcnii^'rania  is  often  the  result  of  astigmatism,  gonemlly  of  higher 
grade  in  thr*  eye  corresponding  to  the  side  of  the  head  which  is  affected; 
the  uttiirlvs  arc  less  fretiucnt  when  correcting  gla&ses  are  worn. 

(ff)  In  glaucHmiatous  patients,  astigmatism  ** contrary  to  the  rule"  is 
im^^nt  in  the  enornu>us  p>roportion  of  Wily  |>er  cent  of  all  cases  (Pfalz  has 
fiiHid  II  similar  |M*rc<:»ntage) ;  it  ha.s  also  been  found  that  in  certain  cases  of 
j^lauroma  an  increase  or  a  diminutiou  in  the  grade  of  astigmatism  goes  band 
ill  band  with  increast^  or  diminution  of  tension, 

(*')  Martin  linds  in  astigmatism  the  esuise  of  several  ocular  affections 
btthidi'H  tJHJse  which  \vv  have  mentioninl,  but  we  must  leave  to  others  the 
tawk  of  verifying  or  refuting  his  mnclusitms. 

In  view  of  facts  now  wtII  estahlislied,  it  is  certain  that  the  correction 
of  astigmatism  dc^rves  to  be  undertaken  much  oftener  than  is  yet  the 
piarti*'*^  in  Europe,  and  that  the  greatest  care  ought  to  be  taken  both  to 
luictertain  tlie  exact  position  of  the  princijial  meridians  and  to  make  sure 
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the  correcting  glasses  are  accurately  adjusted  with  respect  to  the  direc- 
tion of  the  axis  of  the  cyliuder. 

Vni*^-OPHTHALMOMETRY   OF   DIFFERENT   PARTS  OF  THE  ANTERIOR 
SURFACE   OF   THE   CORNEA, 

1,  KeratoBCopy,^ — When  we  hold  a  keratos4?opic  disk  in  front  of  an 
eye,  we  see  refle€ted  on  the  cornea  an  imaf^e  of  the  di^k,  which  may  be  most 
advantageously  observed  by  mt^ns  of  the  ophthalmometer  and  pi-eferably 
without  the  use  of  the  donbly^refi-acting  prism.  The  image  of  the  disk  is 
seen  inverted,  as  is  the  case  with  all  ima^t^  seen  through  this  instrument ; 
and  in  the  foUowing  ilhistrations  (Figs.  12  to  15)  the  images  have  been 
drawn  in  the  inverted  position,  in  oixler  to  make  it  easy  to  compare  them 
witli  those  which  the  reader  may  observe  for  himself  upon  the  living  eye. 
The  keratosetipic  disk  is  made  up  of  concentric  circles,  which,  howeveri  are 

Fio.  12. 


Bot  equidistant,  the  radii  of  the  several  circles  being  calculated  according  to 
the  law  of  tangents,  so  that  when  reflected  on  a  cornea  of  spherical  eur\^ature 
tliey  appear  efjuidistant  in  the  image, 

Let  us  now  see  what  variations  tlie  image  presents  (1)  in  the  case  of  a 
cornea  free  from  astigmatism,  (2)  in  the  case  of  a  cornea  which  is  the  seat 
of  regular  astigmatism,  and  (3)  in  tlie  case  of  irregular  corneal  astigmatism. 

1.  The  comc*a  is  assume*:!  to  be  a  surface  of  revolution  about  the  visual 
axis.  We  know,  according  to  J,  L*  Petit,  that  the  surface  of  the  cornea  is 
not  a  segment  of  a  sphere,  but  that  it  presents  an  ovoid  ctm figuration,  the 
radins  of  curvature  being  less  at  the  centre  than  tow^ards  the  pt^ripher}'. 
The  keratoscK>pic  image  formed  by  reflection  at  the  geometrical  vertex  of 
Vol,  IL— 9 
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such  a  cornea  will,  therefore,  be  made  up  of  cjoneentric  ch'cles,  but  these 
circles  will  not  be  equidistant,  as  would  be  the  case  if  the  cornea  were  of 
spherical  curvature.  An  attempt  has  liecn  made  to  indit^ate  this  appearance 
in  the  diiiwiug  of  the  central  image  C  (Fig.  12). 

Again^  supposing  the  direction  of  the  eye  to  remain  unchanged,  if  we 
move  the  instrument  sio  as  to  observe  the  keratuscopic  image  as  formed  by 
reflection  on  diifereut  lateral  portions  of  tlie  cornea,  wc  shall  obtain  oval 
figures  similar  to  the  four  images  i/,  B,  D,  and  G'  (Fig.  12). 

Instead  of  changing  the  position  of  the  instrument,  it  is  easier  to  change 
the  direction  of  the  observed  eve;  this  is,  in  fact,  the  way  in  ^vliieh  the 
images  /i,  fi,  i>,  and  G  (Fig,  12)  were  drawn  from  observations  made  on 
the  right  eye  of  Dr.  Nordeuson,  the  eye  having  been  turned  through  an 
angle  of  22»5°  downwaixl,  upwiuxl,  to  the  left,  and  to  the  right,  respectively. 

It  will  l>e  observed  that  in  each  of  the  U>ur  i^val  imager  tlie centre  of  the 
disk  is  displai^  towards  the  centre  of  the  cornt»a. 

If  our  assumption  that  the  cornea  is  a  surface  of  revolution  about  the 
visual  axis  were  strictly  exact,  the  central  image  woidd  be  made  uj)  of  {Xfr- 
fect  concentric  circles,  and  the  four  oval  figures  would  be  perfectly  sym- 
metrit^l.  This  is,  liowcvcn  not  exactly  the  ctu^e,  inasmuch  as  the  visual 
axis  cuts  the  corn«i  at  a  greater  ur  less  angidar  distance  from  the  vertex 
(angle  alpha).  Thus^  it  will  be  noticMMl  that  the  oval  image  G,  wliich  is 
drawm  as  reflected  at  tlic  nasal  side  of  the  cornea^  appeai*s  somewhat  more 
elongixtcil  than  the  image  D,  which  is  formtd  at  the  tcmiK^ral  side.  If  the 
drawing  were  absolutely  exact,  wc  sliould  also  Ijc  able  to  detect  a  verj' 
slight  oval  deformation  of  the  circles  of  the  central  image. 

2.  The  (X)raca  is  supposctl  to  ]ye  astigmatic.  From  wiiat  has  gone  before 
it  is  ea^sy  to  sei*  that  in  the  case  of  a  eornca  whose  curvature  is  regularly 
astigmatic  **aexxjrding  to  the  rule"  the  cent  ml  image  Cwill  be  made  up  of 
concentric  ovals  with  the  major  axis  horiznutal,  aud  that  the  images  G  and 
D  will  apj>car  ct>nspicuously  elongated  horizim tally.  In  the  case  of  the 
images  //and  B^  on  the  other  hand,  there  will  l)e  two  possible  positions  on 
the  vertical  meridian  at  which  the  increase  in  the  vertical  fliaineter  of  the 
image,  due  to  the  dianging  curvature  of  the  t^jrnra,  will  approximately 
neutmlizc  tlie  horizontal  elongation  ns  shown  in  the  centnd  image  C  In 
these  positions  the  images  JTand  B  will  appear  nearly  circular. 

As  we  have  no  drawing  sluiwing  exactly  this  state  of  things,  w^e  give 
(Fig,  13)  a  rc]n^esentation  of  the  images  as  seen  in  tlic  left  eye  of  Dr.  E.  Javal 
(corneal  astigmatism  *' contrary  to  the  rule"  of  alxiut  one  and  a  half  diop- 
trics). The  concentric  rings  of  the  central  image  C  are  slightly  elliptical, 
with  the  major  axis  vcrtieal,  while  the  images  H  and  B  difier  only  in 
degree  from  the  corresponding  images  in  Fig.  12.  On  the  other  hand, 
the  lateral  figures  (/  and  ZJ,  resembling  as  tiiey  do  the  ctmtral  image  C, 
suggest  a  configuration  of  the  cornc:i  approacluug  much  more  nearly  that 
of  a  torus  than  of  an  elUpsc»id  of  three  unequal  axes.  (In  this  figure  the 
peripheral  images  are  drawn  with  the  eye  turned  through  a  smaller  angle, 


and  D  now  show  a  marked  asytnmetry  of  the  cornea  with  reference  to  a 
vertical  plane  passing  through  the  visual  axis.    (The  ribbun-like  appearaaoe 


132 


OPHTHALMOMETRY    AND    ITS   CLINICAL   APPLICATIONS. 


shown  in  the  left-hand  image  is  due  to  the  image  encroachiog  a  little  upon 
tlie  sclei'al  Ixa'der;) 

3.  Fig.  15  shows  the  keratoscopic  images  io  a  case  of  irregular  astig^ 
matism, — the  eye  of  Dr.  T<  The  conspicuous  distortiun  of  the  images  B, 
Gy  and  D,  together  with  the  flatteiung  of  the  circles  in  the  central  image, 
shows  at  a  glance  that  this  eye  has  suffered  at  some  former  perit»d  from  a 
keratitis  which  has  given  rise  to  a  loti*l  deformation  of  the  cornea,  although 
without  visibly  affecting  its  polish  anil  its  trans|>arency. 

Fio.  16. 


2,  Diagrammatic  Eepresenfcation  of  Corneal  Astigmatism, — ^The 
kcratoscopic  imaj^es  would  furnish  a  complete  record  both  of  the  corneal 
astigmatism  and  of  the  dewntratioii  of  the  visual  axis,  if  only  it  were  prac- 
ticable to  Hx  them  by  instantanwus  phtitography  and  measure  tlieni  under 
the  microsco|>e.  Until  this  shall  have  been  accomplisheil  we  must  depend 
upon  the  ophthalmometer  to  obtain  an  approximate  idea  of  the  form  of  the 
anterior  surface  of  the  cornea  ;  but  w berths  tlie  keratosi-opic  image  shows 
the  complete  tojxjgraphy  of  the  [wrtion  of  the  cornea  on  which  it  is  reflected, 
a  single  measurement  made  with  the  ophthalmometer  gives  information 
regarding  only  two  j;K>ints  lying  in  some  ]>articular  corneal  section. 

It  hsifl  already  been  stated  that  tiie  curvature  of  the  cornea  is  more  pro- 
nounced at  the  centre  than  at  the  periphery,  and  that  its  general  configuration 
approaches  more  or  It^s  closely  that  of  the  small  end  of  an  egg.  Hereafler, 
in  sjieaking  of  the  radius  of  curvature  of  a  cornea  it  will  be  understood 
that  we  do  not  mean  the  curvature  at  the  actual  vertex,  but  rather  the 
radius  of  a  sphere  tangent  to  the  cornea  in  a  .small  circle  AA'  (Fig. 
16 J  when  the  cornea  is  a  surface  of  revolution,  or  the  radius  of  a  cirde 
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taiigeot  to  a  corneal  raeridiau  at  two  opposite  i>omts  ^4,  A\  when  the  cornea 

is  astigmatic ;  ^4  and  ^1'  being  the  two  points  oil  the  cornea  at  which  the 

mires  are  I'eflected.     When  the  ophthalmotneter  is 

fitted  with  a  prism  of  weak  don  filing  power,  this  '^' 

tangent  sphere  or  circle  passes  so  near  to  the  curved 

surface  at  C  that  we  may,  without  material  eri*or, 

take  its  radins  as  equivalent  to  the  radius  of  curva- 

ture  of  the  cornea  in  tlie  zone  on  which  the  mires 

are  reflected, 

Sulzer*  has  mf:*asured  with  the  ophthalmometer, 
in  a  lar^*  numlier  of  eyes,  Ix^th  tlie  fx>rneal  curva- 
ture and  the  astigmatism  at  points  taken  at  successive  angular  distances  of 
5°  from  the  visual  (*entre  on  tlie  two  principal  meridians.  In  plotting  his 
results  he  has  made  use  of  a  form  of  diagram  in  whicli  the  angular  dis- 
tances of  the  several  ol>served  points  from  the  visual  axis  and  the  number 
of  dioptrics  of  curvature  found  at  these  points  ai-e  kid  off  on  rectangular 
co-oixh*nates ;  the  s:ime  systeni  of  co-ordinates  is  made  to  serve  for  both 
meridians  by  interchanging  the  oitli nates  and  absi-issiis. 

Referring  to  tlie  images  of  the  keratoscopic  disk,  the  measurements  of 
Sulzer  represent  itnly  the  length  and  breadtli  (jf  the  oval  image,  but  give  no 
information  reganling  the  position  of  the  image  of  the  centre  of  the  disk 
with  reference  to  the  two  extremities  of  the  oval.  More  satisfactory  measure- 
ments might  probably  l>e  made  by  using  a  pH.sm  of  half  the  doubling  power, 
such  as  is  now  furnished  as  one  of  the  accessorit^  of  the  opiithalmometcr. 

We  reproduce  from  Sulzer  the  diagram  of  the  right  eye  of  Dr.  K* 
(Fig.  17),  as  presenting  an  example  of  stjmewliat  unusual  dccentration. 

In  tlu^  liorizontal  nu^ridian  the 
curvature  is  seen  to  be  nearly  regular; 
but  this  is  by  no  means  the  ease  with 
the  vtTtical  meridian.  In  tljc  hori- 
zorital  meridian  the  pttint  of  maxi- 
mum cnn^ature  falls  5°  to  the  nasal 
side  of  the  visual  line,  or  20°  from 
P  -T  the  nasal  and  35°  from  the  temporal 
-s^  o  £;|g  ^y^^  ^  Iwirder  of  the  wruea;  towards  the 

nasal  side  tlic  curvature  tliminishes 
rapidly,  but  more  slowly  towartls  tlie 
tem|x)nil  side.  In  the  vertical  merid- 
ian the  point  of  maximum  curva- 
tni'c  falls  15°  above  the  visual  line, 
or  10°  from  the  up|)er  and  45°  from 
the  lower  corneal  margin;  from  this  summit  the  ojmeal  curvature  flattens 
abruptly  towards  the  upper  limhus,  but  very  gradually  in  the  opposite 
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direction  throug:li  an  angular  distance  of  30^,  after  which  it  again  flattens 
abruptly  towanls  the  lower  limhus. 

The  corielusious  drawn  by  Sulzer  from  his  investigations  on  the  form 
of  the  cornea  are  briefly  as  follows : 

(a)  The  wntml  region  of  the  cornea  diflFers  but  little  in  its  configiiratioD 
from  a  segment  of  a  sphere  (leaving  astigmatism  out  of  account). 

(h)  At  a  certain  distance  from  tlie  pjint  of  intersection  of  the  visual 
line  with  the  ctjrnea — i.t,,  at  an  average  angnlar  distance  of  15°  (which  in 
the  case  of  a  cornea  of  mean  curvature  corresjxmds  to  a  linear  distance  of 
two  millimetres) — the  eurvatuiv*  U^ins  abruptly  to  diminish.  From  this 
|K>int  to  itij  periphery  the  conical  surfaw  shows  a  progressively  decreasing 
curvature  assimilable  to  that  which  would  be  presented  by  a  succession  of 
ellipsoids  of  progi'essively  increasing  etx^entricity, 

(c)  Whether  we  assume  the  point  of  intersection  of  the  visual  line  with 
the  corneal  surface,  or  Uie  point  of  maximum  corneal  curvature,  as  repre- 
senting the  centre  of  the  cornea,  the  corneal  curvatui"e  do€«  not  diminish 
proj>ortionally  to  the  distance  from  this  centre,  and  this  whether  the  dis- 
tance be  measured  on  the  two  principal  meridians  or  on  the  two  halves 
of  the  same  principal  meridian ;  in  other  words^  the  cornea  is  not  in  any 
sense  a  surface  of  symmetrical  curvature. 

Astigmatism  is  only  a  particular  form  of  corneal  asymmetry,  though, 
fortunately,  the  most  common  one,  since  in  the  more  complicated  cases 
cylindrical  glasses  afturd  hut  an  imiK-rfect  corrwtiun  of  the  visual  defect. 

A  rational  interpretation  of  these  results,  and  perhaps  also  an  expla- 
nation of  the  existence  of  the  angle  alpha  in  the  human  eye,  may  be  found 
in  the  fact  tliat  most  animals  liavc  the  eyes  directed  laterally.  From  this 
point  of  view,  the  slight  lateral  deviation  of  the  «x*iilar  axes  in  man  may 
lie  regartleil  as  a  phenomenon  of  incomplete  evolution. 

IX.^ — OPHTHALMOMETRY   OF   THE    POSTERIOR   SURFACE  OF  THE   CORNEA, 

In  the  foreg^jing  pages  we  have  c^jnsidered  the  measurement,  by  means 
of  the  ophthalmometer,  of  the  curvature  of  the  anterior  surface  of  the 
cornea.  But  the  objective  detcrmioation  of  tlie  total  astiginatrsm  involves 
also  the  measurement  of  the  jiosterior  corneal  surface  and  of  the  two  sur- 
faces of  the  crystalline  lens.  The  ophthahuophakonieter  of  Dr.  Tscherning 
(1890)  supplies  a  me;ms  of  making  these  measurements.  The  instrument 
resembles,  in  a  general  way,  the  oiihthalmonieter  of  Javal  and  Schiotz, 
omitting  the  doubly-refrai:*ting  prism. 

A  metallic  are  (Fig.  18)  of  eighty-six  centimetres'  radius^  graduateil  to 
tenths  of  a  degree,  is  arranged  to  turn  upon  the  axis  of  a  small  tele8c<>i>e 
through  w^iich  the  images  of  three  small  incandescent  lamps,  carrial  by  the 
arc,  are  observed  by  reflection  at  the  two  surfaces  of  the  cornea  and  at  the 
two  surfaces  of  the  crystalline  lens  ;  the  eye  to  be  measured  is  stationed  at 
the  centre  of  curvature  of  the  metallic  arc. 

Arranged  to  slide  along  this  arc  are  (1)  a  carrier  A^  bearing  an  inean- 
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descent  laoip  of  six  volb^,  (2)  a  carrier  B^  bearing  a  nA  ]}cr|>endicular  to 
the  plane  of  the  arc,  tt3  each  end  of*  which  is  fixctl  a  smaller  incandescent 
hixnp^  and  (3)  a  carrier  C,  also  Ixsiring  a  rod  perpendicular  to  the  plane  of 
'the  arc,  upon  which  slides  a  small  brilliant  Imll  serving  as  a  point  of  fixation 
for  the  observed  eye.  Each  of  the^e  caiTicrs  is  fitted  with  a  jKjinter  to 
mark  its  angular  distance  from  the  centre  of  the  arc. 

Fia.  la 


(^ 


I 
I 


Each  of  the  lamps  is  enclosed  in  a  small  brass  tube,  w^hich  is  fitted  in 
front  with  a  strong  plano-convex  lens  arranged  to  slide  in  and  out,  so  as  to 
render  the  pencils  of  rays  from  the  incandescent  filament  either  parallel  or 
convergent,  at  will. 

The  instrnraent  is  designed  for  observing  and  measuring  the  catoptric 
images  forraetl  by  the  feebly  rcflaiinj^  surfaces  within  the  eye, — namely,  the 
eretit  and  inverttxl  images  of  l*nrkinjc  (formcil  by  reflection  at  the  anterior 
and  at  the  jKisterior  surface,  respectively,  of  the  crystalline  lens)  and  the 
faint  erect  image  formed  by  the  posterior  surface  of  the  cornea. 

The  image  of  the  more  powerful  lamp  ^1  is  viewed  as  formed  by  reflec- 
tion at  the  posterior  surface  of  the  cornea  j  the  images  of  the  two  smaller 
lamps  J5,  reflected  on  the  anterior  surface  of  the  oornm,  are  brought  into 
line  with  the  first  image  by  sliding  the  carrier  on  the  arc. 

The  eye  to  be  measured  is  di rental  upon  tlie  centre  of  the  objective  of 
the  telescope,  and  the  carrier  A,  with  its  lamp,  is  move<l  along  the  arc  until 
the  fainter  image  a^  Is  seen  clearly  defined  and  at  a  little  distance  from  the 
brighter  image  a^  (Fig.  1 9). 

The  two  weaker  lamps  carried  by  the  rod  B  are  now  lighted,  and  the 


in  line  with  the  image  ^2 ;  the  line  0,B  will  then  pass  through  ^2.     The 
positions  of  the  carriers  A  and  B  on  the  arc  are  then  noted. 

Fig,  20  shows  the  I'elative  positions  of  the  three  images  as  they  appear 
at  this  stage  of  the  ol>servatioiL 

The  brighter  image  ffj  of  the  lamp  A  is  seen  to  the  left,  and  the  feebler 
image  of  J.,  formed  by  reflection  at  the  posterior  surface  of  the  cx>meaj  is 

seen  between  and  in  line  with  the  two 
^^'^-  ^^'  images  of  the  lamps  B,     The  bright 

jioint  seen  to  tlie  right,  in  the  field  of 
the  pupil  Js  tlie  image  of  the  lamp^, 
formwl  by  refleetion  at  the  ]K>stjerior 
surfac^e  of  the  ctystalline  Jens. 

Two  measurements  are  required 

in  order  to  obtain  the  neeessary  data 

for  determining  the  mdtus  of  cur\"atnre  of  the  posterior  enrface  of  the 

comeaj  the  one  with  the  lamps  in  the  jjositions  A  and  B,  and  the  other  with 

the  lamps  in  the  symmetrical  positions  ^4'  and  B\ 

Referring  to  Fig,  19,  a//'j  repreiients  both  the  length  of  the  image  of 

^^',  as  formed  by  reflation  at  the  posterior  eorneal  surface,  and  the  length 

of  the  image  of  BB',  as  ftjrmetl  by  n^flet^tion  at  the  anterior  corneal  snrface. 

The  difference  in  distance  of'  0,,  the  centre  of  curvature  oi*  tlie  anterior 

corneal  surface,  and  Oj,  the  centre  of  curvature  of  the  posterior  surface^ 
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the  middle  point  of  the  aro  at  C  is  so  small  that  we  niay,  without 
sensible  error,  assume  for  IxJth  a  aimmon  value  ^,  which  by  the  eonstruetioa 
of  the  instrument  is  equal  to  eighty-six  centimetres. 

Now,  the   mdius  of  cui^ature  of  a  eonvex  mirror  of  small  angular 
diameter  is  foimd  (see  j>age  114,  ante)  from  the  proportion 

Half  radius  of  curvature      distance  «f  object 


lengtb  of  image  kiigth  of  object 

Designating  the  radius  of  curvature  of  the  anterior  surface  of  the  cornea 
by  f„  and  the  radius  of  the  jKisterior  surface  by  r^,  we  have  for  the  ante- 
rior corneal  surface 

a^\      MB'' 
and  for  the  posterior  corneal  surface 

a^\      A  A' 

Dividing  the  first  of  these  equations  by  the  secondi  member  by  member, 

V,      AA' 


AA^  and  BB*  are  found  from  the  readings  on  the  arc ;  the  value  of  t?j 
is  calculated  from  measurementi^  of  the  anterior  sur&ce  of  the  cornea,  made 
by  meanB  of  tlie  ophthalmoineter. 

The  meaaurcmeuts  of  Tscherniug  give  the  average  result 

This  corre8|K>nds  to  a  value  of  about  six  millimetres  for  the  radius  of 
curvature  of  the  posterior  surface  of  the  cornea,  or  about  two  millimetres  less 
than  that  of  the  anterior  surface;  but,  by  reason  of  the  fact  that  the  refmc- 
tive  index  of  the  corneal  suhstanw  is  only  slightly  greater  than  that  of  the 
a/piajus  humor,  the  refraction  at  this  surla(*e  is  small  in  amount.  The  cornea 
is,  therefore,  in  effect  a  concave  lens  of  feeble  power ;  its  value  is  probably 
'  ibout  —0.5  D. 

The  posterior  surfiice  of  the  cornea  is  found  to  diminish  in  eur\"ature 

from  the  centre  towarfs  the  ix:'riphcrv,  as  in  thec^ise  of  the  anterior  surface, 

and  in  cases  of  corneal  asymmetry  it  appears  also,  as  might  be  expected,  to 

ifollow  the  asymmetry  of  the  anterior  surface.     As  a  concave  lens  of  asym- 

EiDctrical  curv^ature,  the  effect  of  tlie  cornea  is,  therefore,  to  comj>ensate  in 

rsome  degn?e  the  astigmatism  of  the  anterior  corneal  surfaec  as  measured  by 

the  ophthalmometer. 

The  maximum  compensation  due  to  this  cause,  Sii  far  as  has  l)een  ob- 
ser\''ed,  is  about  1  D.  (as  estimatctl  for  an  eye  in  which  the  total  aatigmatisDi 
Eieosared  about  6  D.). 
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X. OPHTHALMOMETRY    OP   THE    CRYSTALLINE    LENS. 

The  opbtlialnniplmkomcter  serves  also  for  measuring  the  curvature  and 
the  position  of  tiie  anterior  siirfacM^  of  the  ervstalline  lens  j  hut  first  it  is 
to  he  remarked  that  the  catoptric  iniage  to  l>e  measureil  is  fornied  by 
niys  which  liefore  reflection  liave  bcoii  rcfraeted  at  tlie  two  siirfattvs  of  the 
cornea,  and  which  after  reflection  aie  again  rei'racteil  at  the  same  two  sur- 
faees  liefore  reaching  the  eye  of  the  observer.  The  measiircmcnt-s  made 
with  the  ophtiialmophakometcr  represent,  tliereforc,  not  the  atiual  [>«:)sition 
and  curvature  of  the  ohBcrvcd  reflecting  surface,  luit  its  position  and  t^nrva- 
ture  as  oiiKlifitHj  l)y  these  refractions.  From  the  mcasurcmentiS  dcducetl  from 
the  observation  of  this  apparent  reflecting  surface  (wliose  position  is  about 
one-half  tnillimetre  in  front  of  the  actual  position  of  the  anterior  lens- 
surface,  and  wliose  nidi  us  of  curvature  is  abnut  fiftetni  miUinieti'es  instciKl 
of  about  ten  millimeti'cs)  the  true  pisition  and  radius  of  curvature  of  the 
auttTior  lens  surface  may  \w  easily  calculatetl. 

In  tlie  ease  of  the  posterior  lens-surface,  the  apparent  i>osition  and  cur- 
vature are  further  modified  by  refraction  at  the  anterior  lens-surface ;  but» 
owing  t^>  the  fact  that  tlie  posterior  lens-surfucc  lies  very  near  the  n^xlal 
point  of  the  eye,  the  apparent  suriace  differs  but  little  from  the  true  surface. 

The  observation  of  the  anterior  lens-surface  is  begun  by  directing  the 
eye  to  be  mesisured  upon  a  fixed  point,  and  tlien  moving  the  telescope  until 
the  image  of  a  lamp  situatiJ  in  its  axis,  as  formed  I>y  i-efla^ion  at  the  ante- 
rior Icns-surface,  is  seen  in  tlic  centre  of  the  field  in  Hue  with  and  midway 
between  the  images  of  two  smaller  lamps  stationed  at  opposite  sides  of  the 
tube  of  the  telescope  and  reflected  on  the  cornea.  In  this  jxtsition  the  axis 
of  the  telescojx*  is  normal  l»uth  to  theconiea  and  to  the  anterior  lens-surface, 
and  consequently  passes  through  their  two  centi'cs  of  curvature  C  and  N 
(Fig.  21).     The  position  of  the  telescope  on  the  arc  is  then  noted,  after 

Fig.  21. 


which  it  is  moved  along  the  are  to  a  new  position,  whose  angular  distance 
from  the  previous  position  we  will  designate  by  6,  taking  care  to  keep  the 
image  formed  by  reflection  at  the  anterior  lens-surfaoe  always  in  the  centre 
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of  tbe  field*  The  axis  of  the  telescope  now  ptLsses  through  JVand  cuts  the 
cornea  at  0,  The  two  smaller  lamps  are  thon  moved  along  the  arc  to  a 
pusitioo  iuJieated  by  ^,  so  as  to  bring  their  cc>rneal  images  into  line  with  the 
image  of  the  lamp  in  the  axis  of  the  tele5t*i:ipe»  as  sec^o  reflet^tted  at  the  ante- 
rior lens-surfeee.  The  angular  distant^?  of  the  two  lamps  from  the  telest^ope 
then  read  from  the  graduation  on  the  are.  Bisecting  thia  angle,  w'e  have 
"fO  normal  U>  the  eorneal  surface.  Designating  the  angle  NOC  by  a,  we 
havej  from  the  triangle  CNO, 

CX  :  €fO  =  sin  «  r  sin  &, 


cj»r='4-"^  CO; 


OyN=  CO^  4-  CN=  CO  -f  CiV=  A  +  gjjj-^)c0* 


Pio.  22. 


It  remains  to  find  the  position  of  the  anterior  lens-surfaee.  Having 
notetl  the  direction  of  the  teh:^'oiK'  wht'Ji  its  axis  OiPCN  (Fig,  22)  is 
normal  to  the  cornea  and  to  the  anterior  lens-8urfat«,  the  lamp  and  the  tele- 
acojie  are  moved  through  txjual  aiigleSj  in  o|ijK»site  dircetioTis,  along  the  arc. 
The  image  of  the  lamp,  as  formed  by  retiection  on  the  anterior  Icns-siirfaee 
at  P,  shoidd  now  be  visible  in  the  centre  of  the  tield  of  the  telescope.  A 
small  lamp  is  then  moved  along  the  arc^  to  a  position  f  at  which  its  corneal 
image  coincides  with  the  image  of  the  larger  himp  ^  reflected  on  the  an- 
terior lens-surimx?.  The  (^jrneid  radius  CO,  which  is  normal  to  the  corneal 
sur&oe  at  0,  bisects  the  angle  made  by  tbe  line  10  with  the  axis  of  the 
telescope.  Designating  COP^  which  is  equal  to  thk  half-angle,  by  c,  and 
CPO,  which  is  the  supplement  of  the  kninvn  angle  O^PO,  by  d,  we  have, 
from  tbe  triangle  CPO^ 

CP:  CO  t:  sin  <r :  sin  rf, 

emd 
O.P=CO.-CP=CO-CP=(1-^)CO; 


NP^CN  +  CP=  C'>-^  +  '^,  )  CO. 
^  Vfiin  b       §ind  / 
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In  optics^  any  medium  which  is  homogeneous  and  transparent,  and 
'Separated  from  surrutinding  media  by  at  least  two  non- parallel  plane  siir- 
feces^  iH  called  a  prisjii.  The  two  plane  refracting  snrfaees  are  the  sides  of 
the  prism,  and  the  dihedral  angle  formed  by  them  and  in  which  the  sub- 
stance of  the  prism  i^  situatetl  is  the  erlge^  the  apex^  or  what  may  more 
properly  be  termed  the  refraelhH/  am/ie  of  the  prism.  A  section  of  the 
prism  s<3  made  as  to  be  perpendicular  to  both  sides  is  a  principal  gedion,  and 
lies  in  a  principal  plane.  It  i^  convenient  also  to  call  the  plane  that  bisects 
the  refracting  angle  the  plane  of  (he  primnf  and  to  term  any  Ime  which  is 
ix-rpendicular  to  the  edge  of  the 

prism    and    contained    in    this  Fio.  1. 

plane  a  base-apex  line,^ 

A  prism  whose  refracting 
angle  is  infinitely  small  has 
allel  sides  and  is  called  a 
*  plale.  The  direction  of  a  ray 
of  light  which  passes  through 
prism  is,  in  general,  changed 
'at  each  of  the  refracting  surfaces. 
The  resulting  change  of  direc* 
iioo  is  called  the  deviation ^  or, 

when  necessar}^  to  distinguish  it  froni  the  deviation  produced  by  a  single 
surface,  the  word  "  total*'  is  prefixed. 

Fig.  1  represents  a  principal  section  of  the  prism  ARB,  J/ and  TVare 
perpendiculars  to  the  refracting  surfaces,  and  they  meet  at  L.  Let  D  be 
the  total  deviation,  then 

By  similar  triangles  and  Euclid  I.  32, 

^=.y  +  t//,  (2) 

from  which  immaliately  follows 

*  There  will  be  no  occasion  to  etmsider  any  priam  whose  refracting  angle  ia  greater 
thftn  ISO®,  for  in  auch  a  case  the  containmg  medium  becomes  the  prism j  and  vice  vnrsa. 
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SnelPs  law  gives 


sin  ^=:^sin^, 
Bin  \l>=z/i  Bin  ij/] 


w 


and  if  it  is  remembered  that  these  relations  hold  good  whether  the  angles 
designated  by  ^,  ^,  etc.,  are  those  which  the  ray  makes  with  the  normal  to 
the  refiucting  surface  or  with  any  plane  passing  through  that  normal,  the 
whole  theory  of  the  passage  of  a  ray  through  a  prism  in  any  direction  is 
obtained.  It  thus  appears  that  i>,  the  deviation,  that  for  which  the  prism 
is  most  frequently  used,  is  a  function  of  the  three  variables  pt,  ^,  and  R. 
In  matters  that  concern  the  reader,  fi  is  practically  constant,  and,  unless 
otherwise  stated,  is  assumed  to  be  1.54.  The  manufacturer  of  spectacles 
often  assumes  it  to  be  1.50,  though  it  is  almost  always  between  1.52  and 
1.55.  ^  is  usually  so  conditioned  as  to  be  a  simple  function  of  B,  and 
variations  in  the  deviation  are  obtained  by  variation  of  R. 
The  expression  for  D  in  terms  of  iJ  is  thus  found : 


and  hence 


From  (8)  rj;  =  R -\- D  —  i^^ 

From  (2)  V'  =  -^  —  ^'» 

From  (4)  sin  j  (/2 -f  D)  —  ^  |  z=/iBin  (/J  — ^'), 


(5) 
(6) 

(7) 


sin  {R-{-D)  cos  ^  — cos  (R -\- D)  sin  ^  = // sin  iJ  cos  ^^  —  ^  cos  iJ  sin  ^.      (S) 

If  this  formula  is  to  be  applied  only  to  prisms  so  thin  that,  without  sen- 
sible error,  the  arc  R  or  (R  +  D)  can  be  substituted  for  its  sine,  and  1  for 
its  cosine,  it  will  be  much  simplified  and  readily  reduced  to 


D^R{f^^^^l 

I     cos  ^ 


}■ 


{») 


Fia.  2. 


This  is  a  useful  formula,  for  where  the  angles  9>  and  f '  are  saufl 
their  cosines  may  be  considered  equal  to  1,  the  ratio  of  tb* 
equal  to  1,  and  it  becomes 
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by  which  formula  deviation  is  ordinarily  estimated.  Another  formula 
which  is  of  frequent  use  will  by  Fig.  2  be  shown  to  be  true,  since  f '  = 
one-half  R  gives  the  deviation  at  the  minimum  position, — i.e.,  when  f  =  fp 


=  8in-'  (^  sin  2^-2 


(11) 


If,  also,  all  the  fractions  in  (11)  are  replaced  by  their  numerators,  the  equa- 
tion gives  the  deviation  at  position  of  perpendicular  incidence,  thus : 


D  =  Bin-*  (ji  Bin  R)'--R; 
and  a  simple  transposition  of  (11)  gives 


%\nR-k-D 


2 


fi  = 


R 
2 


(12) 


(18) 


Fio.  8. 


which  is  the  common  rule  for  obtaining  the  index  of  refraction  where  the 
refracting  angle  is  known. 

The  end  for  which  the  prism  is  most  frequently  used  in  clinical  oph- 
thalmol(^y  is  the  angular  displace- 
ment of  objects  seen  through  it.  All 
objects  are  seen  by  means  of  small 
pencils  whose  various  directions  are 
indicated  by  their  axial  rays,  and 
consequently  the  laws  that  govern  the 
displacements  sought  are  the  common 
laws  of  optics  which  have  just  been 
considered  in  their  application  to  the 
path  of  the  ray  through  the  prism. 
But,  as  the  adventitious  phenomena 
of  color  and  distortion  are  so  great  as 
to  be  in  some  cases  prohibitory,  it  is 
necessary  to  consider  these.     Three 

things  must  be  known  about  the  passage  of  light  through  a  plane  refracting 
surface  before  the  significance  of  the  preceding  paragraphs  can  be  under- 
stood.    (See  Fig.  3.)    These  three  things  are, — 

(a)  The  greater  the  angle  of  incidence  the  greater  is  the  angle  of 
refraction. 

(6)  The  greater  the  angle  of  incidence  the  greater  is  the  deviation. 

(c)  The  greater  the  angle  of  incidence  the  greater  is  the  change  in  the 
angle  of  deviation  produced  by  any  change  in  the  angle  of  incidence. 

The  truth  of  (a)  is  established  by  experience,  which  has  given  the  well- 
ftrmnlay  of  which  (4)  are  special  cases, 

•^•inf  rzTAi^Binf.  (14) 

die  angle  of  refraction,  and  m  the  recip- 
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rocat  of  the  velocity  of  light  along  the  path  indicated^  the  deviation  pro- 
duced is  of  course  f  —  ?'.     Difterentiating  (14)  by  logarithms  gives 


df  _  tan  ^ 
rf  ^'  ^  tan  9' 


(15) 


and  in  the  case  where  f  is  greater  than  fp\  since  neither  <p  nor  fp*  can  h% 
gfieat(3r  than  a  right  angle,  both  members  of  Equation  (2)  are  improper  frac- 
tions, and  couset^uently  d  {f  —  ^')  is  positive,  which  proves  (5). 
KqiUition  (15)  is  easily  transformed  to 


a^)'- 


(0-. 


eos"^ 


■  +  1» 


(M) 


Fio,  4. 


Tr-^, 


whi(*h  establislus  tlio  truth  of  (c). 

ExjKTitnMv  hiis  rihowu,  a^  indeed  (14)  indicates,  that  the  path  of  the 
light  ray  is  reversil>le ;  and  eo,  since  the  incident  ray  can  always  be  taken 
on  that  side  of  the  surface  which  renders  ^  greater  than  1,  the  above 
dcuutnst ration  nmy  Ix^  cimsklered  gentTah 

X\w  principle  of  reversibility  of  path  insures  also  that  there  can  be  no 
deviutiau  wlien  light  passes  through  two  parallel  plane  surfaces  which  sepa- 
niti*  one  uitihunx  from  another.     Hence,  by  eouj^idering  a  plate  as  a  prism 

of  infinitely  small  refracting  angle, 
it  can  be  proved  (Fig.  4)  that 
where  the  index  of  retraction  of 
the  prism  h  greater  than  that  of 
the  surrounding  mctlium,  a  ray  or 
thin  pem4l  is  Ix^nt  away  from  the 
refracting  angle.  Let  p'  be  the 
iwith  of  a  ray  of  light  passing  in 
priueipal  section  in  either  direc- 
tion through  /i'.  As  «  is  parallel 
to  9\  R  =  Q,  and  that  (y  — sr')  + 
{4^~4*f)  =  (^  follows  from  (14), 
and  there  is  no  resulting  deviation. 
IM  f*'  U»  the  ?<tiine  ray  after  s  has  been  moved  towai-ds  «',  so  that  the  sur- 
Ak\'M  *iii'  mi  longer  parallel,  and  the  plate  lxx*omes  a  prism  of  finite  angle. 
Thu  cliauge  in  the  position  of  ^  increases  f ',  that  f  is  increased  follows  from  ^M 
f.  I    ...I  th  tr  {f  —  9*)  is  increased  follows  trom  (6).     Attention  to  the  signs ^^ 

itii***  involve*!  will  show  that  (y»  — ^')  +  (^  —  4**)  jg  positive, 
UUd  liwUi  m  mxH>nlanct*  with  (0*  (f  —  f*)  increases  taster  and  faster  till  the 

1 '    "  '!r  U  r^^ailKsl  and  refraction  ceas(?s.     This  proof  is  general,  since 

.0  bt^'U  Ufckcn  in  any  direction  and  followed  either  way. 

vvht»^*  index  of  refraction  is  higher  than  that  of  the  surround- 

^4  the  It^st  deviation  in  that  my  or  pencil  which  in  its 

substance  of  the  prism  makes  e<jual  angles  with  its 

Ui  ^  lu  t'i^j*  2  be  the  ray  making  equal  angles  with  the  sides 


I 
I 


I 


of  the  prism  ju',  the  deviution  will  be  the  same  on  the  two  sides  of  the 
prism  and  have  the  same  sign*  When,  however,  the  direction  of  p  is 
gradually  fhatige<1  rl(K*k\vise,  on  account  of  (^),  both  ^'  and  f  will  he  de- 
creased, and  v'^'  and  ^''  will  be  inci-eased,  but  oo  aceoiint  oi'  (e)  the  increase 
(^  —  (ft')  will  t>e  greater  than  the  decrc^ase  (^  — ^'),  so  that  the  total  devi- 
ation will  Ix^  increased.  The  aiialytictil  pn»of  of  this  is  not  difficult  It 
is  shown  ^  that  in  (1)  I)  is  a  fiuiction  of  one  independent  variable,^ — ^sav  ^', — 
ami  that  the  first  ditfureutial  coefficient  is  equal  to  0  when  v?':^v''',  and  that 
the  second  ditferential  eoefficieut  is  positive  when  /i'  >  fi. 

The  alwive  j»roofs  apply  to  refraetion  in  a  princijial  plane.  It  may  be 
well  to  add  J  omitting  proofs,  tor  which  see  Heath,*  that  it'  tncidenr/e  takes 
place  io  any  other  plane  the  deviation  is  greater  if  the  index  of  refraction 
Is  grt^ater  than  !,  and  that  the  jvlanes  of  incidents  and  eniergonce,  though 
jiarallel,  are  not  tx>incidenf,  the  '*  ianli*'  being  the  same  as  would  be  eanscd 
by  a  plate  in  the  pkne  of  the  prism  having  a  thickness  such  that  its  two 
sides  contained  n  sj>f^'tively  tlie  pnuta  of  ineidene'e  and  emergence  of  the 
ray  undei"  cunsidiTation. 

Though  the  prweiling  equations  '^et.intain  the  whole  theory  of  refraction 
through  a  prism/'  and  are  sufficient  to  determine  the  angular  displacement 
of  any  point  seen  through  it,  the  illusions  eoucerning  distance  and  the 
distortions  of  outline  causi4  by  prismatic  glasses  cannot  he  undei>tood 
without  a  consideration  of  the  effect  of  plane  surfaces  on  convergent  and 
divergent  pencils.  Parallel  rays  of  moniicliromatic^  light  pass  through 
plane  surfaix^s  unchangtd,  except  in  direction;  but  pencils,  besides  Ix'ing 
altered  in  focal  length,  cease  to  be  horaocentric.  The  interesting  demon- 
stration of  this  must  Ijc  omittcnl  for  lack  of  spac^. 

It  is  a  well-known  fact  tliat  if  the  radiant  is  in  the  denser  nie<liura 
the  rays  become  the  normals  to  an  ellipse,  hut  if  it  is  in  tlie  rarer  medium 
they  become  the  normals  to  an  hyprbola.*  The  first  case  is  illustrated  by 
Fig.  5,  the  si^^ond  by  I'ig.  6,  O  Ixnng  the  radiant  and  OP  the  ray  which 
ifl  perpendicular  to  the  refracting  surface.  In  each  figure  is  seen  also  the 
iVne  iiencil  as  changed  by  refraction,  the  perpendicular  ray  alone  being 
nnaltered  in  its  }x>sition,  and  the  fotnis  O  \mng  replaced  by  a  mustie  OOi, 
which  in  Fig.  5  is  the  evolute  of  an  ellipse  and  in  Fig,  6  is  the  evolute 
of  an  liyperbola,  Tliese  figures  are  drawn  to  scale  and  are  accurate  for 
a  glass  of  index  L54.  It  will  also  l»e  seen  that  the  point  O,  being  the 
radiant,  is  not  I'epresented  by  a  |)oint  after  refraction,  but  by  a  long  line, 
the  caustic.  As  the  size  of  the  pupil»  however,  is  such  as  to  limit  vision 
to  tlic  use  of  jM^ncils  of  not  ranch  over  ^xe  degrees,  a  point  from  which 
a  five-<legree  pencil  emerges  will,  after  refraction  at  the  plane  surface^  be 
approximately  reprt^ented  by  a  jMiint  after  refraction,  and  tlie  divergence 


»  Michie,  El^menU  of  Wnve-Motioii,  New  York,  1891,  p.  164^ 

*  Heath,  Gotunetriciil  Optics,  Cmnbridgu,  1887,  p.  31,  j  28. 

•  Henth  (p.  121,  art.  106).     The  Theory  of  Liirht,  by  Thomns  PrL-^ton,  London,  1890. 
(Example  1,  p,  89.) 
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of  the  iKOfil  thus  refracted  depends  verj^  much  upon  the  obliquity  of 
iiindenw  on  the  refracting  surface.  The  figures  will  illustrate  what  it 
18  inwnvenient  liere  to  prove, — viz.,  that  the  part  of  tha  pencil  whose 
rays  are  nearest  to  perfiendieular  i8  the  part  that  is  altered  the  least  in 
focal  length,  but  that  the  alteration  is  even  her5  verj'  material,  as  the  rela- 
tive length  of  the  fjencil,  Ijelore  and  after  refraetion,  at  perpendicular  inci- 
dence, i^  tlje  same  as  the  relative  index  of  the  set^nd  mediura  to  the  first. 
It  is  a  necessary  conseriuen^'e  of  (fi),  (i),  and  (c),  previously  demonstrated, 
that  for  oblique  i^encils  the  lengthening  or  shortening  increases  in  an  ever- 
inerciising  ratio,  so  that  a  small  change  of  inclination  of  a  |>encil  that  is 
int^liocd  at  forty  degrees  will  for  glass  produce  double  the  eliect  that  an 
cfjual  change  would  have  pnxlu<?ed  at  one  degree. 

The  principle  of  revei-sibility  also  insures  that  if  the  angle  of  re- 
fraction in  Fig.  5  equals  tlie  angle  of  incipience  in  Fig,  6,  whatever  the 
original  angle  of  incidence,  the  efiect  on  a  pencil  which  passes  through 


Fia.  5. 


Fig.  6. 


both  these  refracting  surfaces  successively  will  l>e  nothing  but  a  compara- 
tively unimportant  translation  w4iich  is  due  to  the  thickness  of  the  glass, 
and  which  iu  onlinarily  weak  lenses  may  be  ignonxb  Remembering  this, 
and  alsi^>  knowing  that  the  magnilication  pnHlueed  in  simple  lenses  is  directly 
proportional  to  the  length  of  the  |)encils  that  connect  object  and  image  with 
n*fracting  surfaei^,  it  b(N\nncs  plain  that  that  part  of  the  field  which  is  seen 
al  ihe  j)ositiou  o(  minimum  deviation  will  apjiear  unchanged  in  sixe,  since 
the  lengthening  of  the  ]iencil  at  the  first  surface  is  exactly  compensated  by 
tlie  shortening  at  xhv  stH'niKl  surface. 

That  jKart  of  ilio  tick!  which  is  seen  by  ]iencils  that  pass  throngfa  the 
prism  at  the  jK>sition  of  fver|3endicular  incidence — iVc,  incidence  at  right 
angi«>^  to  the  tmnt  surface — will  be  magnified,  because  this  change  of 
position  has  shortentxl  the  refracted  pencil  at  boUi  the  front  mid  the  back 
siirfaici^  which  is  just  the  effect  that  a  convex  lens  would  have  had.  Those 
ol)}iCla  9tm  at  per)H^ndicular  emergence,  however^  will  be  minified. 
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Still  greater  departure  from  tlie  positioQ  of  minimum  deviation  will 
increase  at  au  increasing  rate  the  magiiifii^tion  or  niinifieatiou,  sis  the  case 
may  be. 

Perhaps  a  single  concrete  example  will  Ijest  show  the  utility  of  these 
last  paragraphs.  Imagine  a  patient  wcariug  before  each  eye  a  prism  of 
four  degrees*  refracting  angle^  the  edges  vertiealj  the  base-ai>ex  lines  coinci- 
dent the  one  with  the  other,  the  bases  towai-ds  the  nose,  the  index  of  the 
glasSj  for  simplicity,  1.5U.  Let  tlie  patient's  face  be  direct(_tl  towai-ds  a 
surface  finely  t<?ssellated  with  vertical  and  horizontal  lines,  at  a  distance  of 
one  and  three-quartei*s  metres,  and  j>erpendicular  to  the  line  of  direct 
vision.  By  equation  (10),  the  deviation  prodneed  in  rays  or  ix^ncils  nearly 
perpendicular  to  the  plane  of  the  prism  is 

D^R(fi  —  l]=40(l.m^l)  =  2?.  (17) 

Since  •OS,  half  the  interpupillary  distance,  is  the  tangent  of  one  de- 
gree to  radius  L75,  rays  coming  from  that  square  ^vhich  is  directly  in  front 
of  the  patient  will  enter  either  eye  by  |)assing  symmetrically  thmiigh  the 
prism.  This  square,  as  previously  shown,  will  be  unchanged  in  size.  To 
flee  it,  however,  each  eye  must  be  dircMi'ted  outward,  since  one  degree,  or  half 
the  deviatkm,  will  remove  the  apparent  place  of  the  central  square  fmm 
the  median  liue  to  a  (position  that  lies  directly  in  fnjnt  of  the  eye  that  sees 
it,  while  the  other  half  of  the  displacement  will  move  it  one  degree  farther 
outward. 

Considering  now  the  apparent  size  and  sha|ie  of  all  the  squares,  as  seen 
by  the  right  eye,  the  horizontal  line  dividing  the  upper  from  the  lower 
half  of  the  field  will  Ix^  straight.  Tbe  reason  for  this  is  that  rays  entering 
the  eye  from  this  Ime  jmlss  through  tbe  prism  in  a  princijial  secrtion,  and 
by  Snell's  law  amnot  pass  out  of  this  plane.  As  previously  shown,  the 
squares  increase  in  width  as  they  go  from  left,  to  right,  the  rate  of  change 
being  slowest  at  the  mwliau  line ;  also,  each  square  will  look  a  little  too 
tall,  and  the  lieight  of  the  scpiaiTs  will  increase  fmm  right  to  left,  the  rate 
also  increasing.  This  increase  n€K^\ssitates  that  the  line  along  the  top  of 
the  squares  in  the  upjwr  half  of  the  field  shall  run  up-hill  to  the  right,  and 
the  increasing  rate  indicates  that  it  will  be  a  curved  line.  The  lower  half 
of  the  field  will  be  a  looking*glass  picture  of  the  upjier  half,  and  t!ie  picture 
aeen  by  the  left  eye  will  be  a  looking-glass  picture  of  tbat  seen  by  the  right 
eye.  This,  however,  does  not  combine  all  the  distorting  effects  of  the  prisms, 
for,  88  has  been  shown  by  Dr.  John  Green,*  differences  in  the  retinal  pictui-e, 
as  Been  by  the  two  eyeSj  which  a  it  so  slight  as  to  Ik;  otherwise  uu  noticeable, 
may  by  tlieir  stciw>scopie  effect  produt^e  marked  delusions:  so  that,  Ijcsides 
the  shear  that  w^ould  be  given  to  nearly  every  square  on  the  chef-^ker-boai^, 
the  8U|^r[KJsition  of  the  right  and  left  pictures,  thus  symmetrically  dis- 
torted, would  by  the  stereoscopic  effect  cause  the  wall  to  appear  w>nvex 
towards  the  observer,  while  the  opposite  impn^ssion  of  distance  and  size 


I 


would  Ik?  prodiict^d  oo  the  middlo  8iiuares  by  tbe  divei^ence  of  die  visual 
axes.  Thus,  the  exact  apjieamiioG  of  a  wall  or  of  any  other  object,  as 
vievvGil  thnuit^h  jirismatie  i;kssi»s  of  the  siiuplest  character,  would  be  de- 
termiiKil  by  facti*rs  ii*)t  entirely  consistent  among  themselves,  each  ooe 
of  whicli  would  Ije  weighted  by  the  previous  experience  and  habits  of  ob- 
ser\*atiitn  of  the  individual  wearing  the  glasses. 

The  color-pheuuiueua  attending  the  use  of  prismatic  glaRse??  are  not  diffi- 
cult to  understand.  One  may  ini:igiue  every  olyect  in  the  field  made  up 
of  the  three  layers  of  Yonng-Helmholtz  primaries,  and  that  in  any  change 
of  outline  due  to  distortion  or  disphu-ement  the  violet  is  mov^ed  a  h'ttle  more, 
while  the  re<l  is  uiovi^il  a  little  less,  than  the  green,  the  result  being  ibat 
uniform  surfaces  are  unehanged  in  hue,  but  that  outUnes  of  light  surfaets 
on  the  side  towanls  which  the  displacement  is  eifected  are  fringed  witli 
violet  and  those  opposite  are  fringtH:l  with  i*ed. 

Turning  now  to  matters  of  nomenclature  and  manipulation,  it  will  be 
oonformable  to  the  requirements  of  the  art  if  for  unit  prism  one  is  selectetl 
whose  deviating  jniwer  is,  within  rciistuiable  limits,  the  smallest  useful  in- 
ci'ement.  That  whieh  c*>mmon  tt)nsent  and  long  usage  have  made  familiar, 
and  which  is  as  pHxl  as  can  be  chosen,  is  a  prism  whose  index  is  within 
two  t»r  thrtv  one-hnndiY"<lths  of  1.54,  and  whose  refracting  angle  is  equal 
to  one  decree.  This  prism  gives  a  deviation  of  a  very  little  over  five- 
tenths  c^f  a  dt»gR^,  an  amount  as  small  as  is  ordinarily  required.  Tbe 
si^ale  to  whieh  this  unit  naturally  belongs,  though  faulty,  is  still  used, 
and  prisms  are  designated  thus,  Pr*  1*^,  Pr.  2*^,  Pr.  3**,  etc.,  the  Dumeral, 
unless  otherwise  stated,  referring  to  the  refracting  angle  of  the  material  of 
which  the  prism  is  made. 

The  numlx^rs  of  the  scale  can  be  connected  by  no  sufficiently  simple 

law  with   equal  increments  of  deviation.      This  is  seen  by  reference  to 

ivlnnin  1  of  the  subjoined  table,  or  to  equation  (11),  by  which  that  part  of 

the  table  was  made. 

TABLE  I, 
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a  deviation  whose   tangent   is   one-liimth'edtli  of  the   i^ius,  the  higher 
manbers  designating  deviations  that  prodnee  corresponding  inci-ement^  of 

tangent.  This  system  has  no  advantage 
over  the  last,  and  was  not  introduced  for 
any  such  supposed  advantage,  hut  came 
into  existence  independently  in  answer 
to  the  same  demand,  which  it  very  well 
satisfies.  The  theoretical  ditierenee  is 
sboAvn  by  Fig.  7.  The  actual  difterence 
between  corresponding  numlx^rs  of  the 
two  scales  is  the  ditTerenc^e  between  the 
tangent  and  the  arc  of  the  same  number  of  hundredth-radians.  The  prac- 
tical ditfert-nee  within  the  limits  of  actual  use  is  hard  to  see,* 

In  1891  the  Oijhtliahnie  Section  of  tlie  American  Medical  Association 
passed  a  resolution  recorameuding  the  adoption  of  the  centrad  unit  and 
&cale,  and  e<iually  with  that  up  to  20°  the  prism-diopter. 

Reeentiv  Mr.  Prentice  has  rei»ommendcd  tJuit  in  writing  for  prism- 
diopters,  instead  of  P.-IX  2  and  P.-D.  3,  as  formerly,  they  be  indicated  by 
replacing  the  old  sign  of  degret^  by  a  capital  delta,  thus,  2^,  3^,  etc.  This 
is  an  excellent  idea ;  and,  as  uniformity  of  methtxl  in  wTiting  for  prisms 
13  desirable  by  whatever  system  they  are  measured,  it  is  here  suggested  that 
the  following  symbolism  be  adopted,  viz, ; 

Refracting  angle  system. — Pn  1*^,  Pr.  2^,  etc,  (as  formerly)*  i 

Angle  of  deviation  system, — Pr.  1**,  Pr.  2^  etc. 
Centrad  system.— Pr.  1^,  Pr.  2^,  etc.* 
Prism-diopter  system. — Pr.  1^,  Pr.  2^,  etc. 
Metre- angle  system. — Pr.  1"",  Pr.  2"",  etc. 

The  "  metre-angle"  of  Nagel  has  also  been  suggested  as  a  prism  imit. 
It  is  the  angle  which  each  visual  axis  makes  with  the  median  plane  when 
the  point  of  fixation  is  at  one  metre's  distance  from  the  centre  of  rotation 
of  each  globe.  It  was  introduceil  as  a  measure  of  convergence,  and  is  so 
chosen  that  while  tor  an  erametrope  the  pundum  renwtum  is  equal  to  the 
focal  distance  of  tlie  glass  that  is  worn,  the  fusion  angle  may  be  equal  also 
to  tlie  strength  of  that  glass  in  diopters.  This  relation  should  not  be  lost 
sight  of,  as  it  is  ea|>able  of  accurate  expression  in  any  individual  case.  The 
value  of  the  metre-angle,  however,  dej>cnds  on  the  distance  between  the 


1  It  cannot  be  seen  on  t!ie  pri.'im-dioptpr  scale  publishrd  by  its  author  m  1891,  Afl 
the  lines  are  ?o  thick  that  they  niueh  more  than  cover  any  discrepancj''  between  the  two 
scales,  the  oricin  beincj  supiwsed  at  the  left  hand  edge  of  the  0  line.  In  the  centnid  scale 
puhlL*hed  by  Meyrnwltz  in  lS95f  where  the  orit^m  and  men^iurementa  ftre  calciilftted  from 
the  lower  edge  of  the  lines,  the  prism-tliopter  falls  behind  the  centrad  exactly  the  width 
of  one  line  (1.6  millimetres)  at  the  end  c>f  ihe  bcrIg.  Indeed,  if  a  scale  were  made  with 
the  finest  vi Bible  lines  showint^  centrads  atnl  prism-diopiet^  up  to  No.  10,  only  with  per- 
fectly  good  vision  and  exceptional  illinninntioii  cniild  the  No,  If*  lines  of  the  two  scales  be 
distinguished  the  one  from  the  other ;  all  lower  numbers  would  be  incapable  of  resolution. 

*  »*  V,**  a  symbol  much  used  in  otlier  brftnchea  of  science. 
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€ye^,  and  is  subject  to  considerable  variation ;  the  average  is  near  1  ^  45'. 
In  mlultd  it  does  not  often  vary  10'  (ten  per  cent,)  from  tliis  magnitude. 

One  might  without  great  error  assume  that  six  centimetres  is  the 
correct  intex'cx'ulur  distance,  and  then  the  fuUowing  mnvenient  relations 
would  be  approximately  establishtMl :  1  metre-angle  ==L71°^1°  43'  6'', 
a  deviation  produced  by  Pr.  1»  =  Pr.  3°  ^  Pr,  1.50^  =  Pr.  3^  =  Pr.  3^ 
This  is  accurate  enough  far  clinical  work  as  now  conducted,  though  ,64  is 
a  better  average  intertK'uIar  distanee  for  adults. 

In  Fig.  8,  i?and  E^  represent  the  eyes;  3Iy  IP,  and  JkP^  are  both  far 
points    and    fusion    [X)ints    for 

myopia  of  one^  two,  and  three  F^«*  8. 

diopters;  EMIl,  E3PH,  and 
£WH  are  metre-angles  one, 
two»  and  three,  respectively. 
They  have  the  same  numljen^ 
as  the  glasses  that  will  place  the 
far  points  of  emmet ru pic  eyes 

at  their  apices,  and  are  consequently  capable  of  calculation  by  the  same 
formulae*  The  foci  for  hypermetrrjpic  eyes  are  minus  quantities,  and  may 
be  represented  l>ehind  the  line  EE'  in  the  same  way,  where  C  is  the  fjir 
point  for  hypermetropia  of  one  diopter,  and  ECH  is  the  corresponding 
metre-angle,  which  of  course  must  have  a  minus  sign. 

The  coustiiuts  of  a  prism  may  be  determined  with  great  precision  on  the 
table  of  the  spectrometer,  and  there  are  numbers  of  instruments  for  the 
measurement  of  angles  that  are  or  can  be  applitii  to  this  purpose.  As 
ophthalmologists,  however,  we  thus  far  have  little  need  of  any  but  the  most 
easily  attainable  accuracy.  We  are  re*|uir*id  to  estimate  within  resisonable 
limits  the  prismatic  effect  of  decentred  lenses,  either  spherical  or  cylindrical, 
or  both,  and  to  determine  also  the  strength  and  position  of  a  prism  on 
either  of  wliose  sides  one  of  the  alwve  surfaces  has  been  ground,  This 
leads  to  the  remark  that  a  dccenti^  spherical  lens  differs  in  no  respect 
from  a  sphero-prism ;  and  though  there  are  combinations  of  prism  and 
cylinder  that  cannot  be  obtained  by  displacement  of  the  cylinderj  those 
that  are  so  obtained  are  identical  with  the  prism  of  like  degree  on  whose 

I  side  has  been  ground  a  cylimirical  surface, 

Sphericul  lenses,  as  ordinarily  used,  have  the  centres  of  their  spherical 
surfaces  and  all  their  cardinal  points  on  the  axis  of  tlte  optical  system  to 
which  they  belong.      When  simply  decentred,  these  jmints  are  all  trans- 

[lated  at  right  angles  to  the  axis  of  tlie  system.  The  dii-ection  and  distance 
from  the  original  to  the  final  position  of  the  optical  centre  of  either  of  these 
points  measures  the  amount  of  the  decent  ring. 

That  point  on  the  decentred  lens  through  which  the  axis  of  the  system 
aa£S  is  fretjoently  spuken  of  as  its  geometrical  centre,  a  terra  which  is  so 

'often  accurately  descriptive  as  to  warrant  its  future  use  in  that  sense,  unless 
otherwise  specified. 
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It  seems  hardly  necessary  to  remark  that  the  prismatic  action  obtained 
frora  any  ghiss  other  than  a  simple  prism  is  dejiendent  somewhat  ou  the 
point  that  is  chosen  for  its  geometrical  centre.  Hence,  in  many  cases,  the 
work  of  the  manufacturer  is  corrected  or  modified,  and,  indeed ,  often  the 
whole  prii?niatie  action  is  obtained,  by  attention  to  tlie  position  of  the  lens, 
and  this  attention  is  necessary  in  any  of  the  cnrved  lenses,  \vhether  to  pro- 
duce or  t4)  prevent  the  deviations  that  are  deiK'ndent  u|x>n  decentring.  M 

Neglecting  spherical  aberration,  which  in  spectacle  lenses  is  slight,  tlie  ■ 
one  ray  that  passes  throngh  the  spherical  leas  unrefracted  is  ci-ossed  at  the 
fiH'al  plane  by  every  my  wiiicli  Ix^ibre  refraction  was  paiTillel  to  it :  henoe 
the  deviation  is  always  directly  towards  or  away  irom  the  optic^il  centre  of 
the  lens,  through  which  centre  the  kise  a|iex  line  must  n*:«ttssarily  pass. 
So,  alst>,  when  the  geometrical  and  optical  centres  of  the  lens  do  not  coincide, 
the  l>:ise~a|)ex  line  cxjnnects  them,  and  the  apex  is  towanls  the  thinnest  part 
of  the  glass.  The  refracting  angle  of  the  a|nivalent  prism  must,  from 
geometrical  considerations,  be  the  angle  formed  by  planes  tangent  to  the' 
front  and  back  surfaces  at  the  geometrical  centre. 

A  cylindrical  lens  is  d<x"entred  only  in  prnportion  as  the  axis  of  the 
cylindrical  surface  is  removed  from  the  optical  centre  of  the  system :  a 
translation  that  is  parallel  to  tbe  axis  of  the  cylinder  has  no  prismatic  effect. 

In  case  of  a  sphero-cylinder,  the  cHect  of  dt^centring  must  l>e  r-alculated 
for  each  surface  independently.  The  base-apex  line  for  the  spherical  side 
may  be  determined  as  just  state<l,  and  its  direction  is  the  direction  oi'  trans- 
lation»  The  base-ai>ex  line  of  tlie  cylindrical  side,  however,  is  not  in  gen- 
eral the  same  as  this:  it  is  always  in  die  diretlion  of  a  line  that  is  jier- 
pendicnlar  at  the  same  time  to  the  axis  of  the  c)iiuder  and  to  the  axis  of 
tlie  Hystem.  Such  a  line  meaBurcs  tbe  amount  and  marks  the  direction  of 
tbe  dcH-vntring  of  the  cylindrical  side  of  the  lens.  Its  length  is  equal  to 
tbe  distance  which  the  lens  has  been  moved,  multiplied  by  the  sine  of  the 
angle  which  the  direction  (»f  translation  makes  with  the  axis  of  the  cylinder. 

The  jt>int  prismatic  eifect  of  the  fn:>nt  and  back  surfaces  of  a  de(?entrL»<l 
compound  lens  cannot  be  obtained  by  simple  addition.  The  deviations 
must  be  treated  as  vectors  (see  Fig,  16),  or  combined  in  accordance  with 
i!)rmuhe  (23)  and  (24)  below. 

It  ot\en  hapfK'ns  in  practice  tliat  prismatic  action  is  desireid  at  right 
angles  to  the  axis  of  the  cylinder.  In  this  c*ase  the  results  are  simply 
addi^K     If  it  is  desired  jiarallcl  to  the  axis,  the  cylinder  may  be  ignoivd. 

Though  instruments  of  precision  are  sometimes  usc<l  in  the  examination 
of  8ix3ctacle  lenses,  the  most  common  method  is  to  judge  of  their  strength 
by  neutralizing  or  comjiaring  them  wHth  the  lenses  of  the  test  vnse  or  by 
noticing  tlie  distortions  and  displaceint'uts  protluciHl  in  some  distant  object 
by  them.  One  onlinarily  holds  the  lens  to  Ix*  testtxl  so  that  its  plane  is 
jx'r|>t'mlicular  to  the  axis  of  vision,  and  looks  through  the  geometrical 
centre  at  a  straight  line  which  is  also  jjcrpendieular  to  tlie  axis  of  vision 
and  at  the  same  time  at  such  a  distance  fiiom  the  anterior  focus  of  tbe  lens 
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that  it  can  be  made  to  form  a  reasonably  clear  image  of  itself  on  the  retina. 
If  the  lens  is  spherical  or  a  sphero-cylinder  with  the  axis  of  the  cylinder 
rither  parallel  to  or  at  right  angles  to  the  object  line^  this  latter  will  ap- 
parently pass  unbroken  through  the  lens.  It  is  thus  that  one  determines 
the  optical  centre  of  a  lens ;  and  if  it  is  identical  with  the  geometrical 
centre,  no  prism  has  entered  the  combination  either  by  construction  or  by 
deoentring. 

By  having  two  object  lines  at  right  angles  to  each  other,  as  in  Dr. 

Fig.  9. 


Ziegler's  scale,  or  in  Fig.  14,  below,  one  may  at  a  glance  determine  the 
optical  centre.  If  a  spherical  lens,  held  as  above,  be  rotated  about  its 
optical  centre  in  its  own  plane,  the  picture  will  not  be  changed  ;  but  if 
there  be  a  cylinder  in  the  combination,  the  peripheral  parts  of  any  line  seen 
through  it  will  be  displaced  in  opposite  directions.  That  point,  however, 
which  is  seen  through  the  optical  centre  of  the  lens  will  suffer  no  displace- 
ment, while  that  part  which  is  seen  through  the  geometrical  centre  will,  by 
the  direction  and  amount  of  its  displacement,  determine  the  prism  which 
has  thus  entered  into  the  combination. 
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In  cylinders  or  sphero-cylinders  the  oli^ervations  and  measurement 
of  displacements  must  he  confined  to  the  fine  point  seen  through  the  grecj- 
metrieal  centre  of  the  leus,  but  in  spherical  lenses  the  maximum  dis- 
placement of  the  line  as  a  whole  may  be  measm'ed. 

Three  vertical  lines  lookeil  at  directly  through  a  prismatic  glass  will 
present  one  of  the  pictures  delineated  in  Fig.  9.  Each  number  sho^^-s  the 
same  lens  in  two  diffei-ent  pinsitionSj  the  base  being  markt:^!  by  two  short 
strokes,  the  apex  by  one.  By  rotating  the  lens  in  its  own  plane  the  upper 
picture  may  in  each  number  be  changed  into  the  lower,  and  the  picture  seen 
aa  the  lens  rotates  in  its  own  plane  through  90°  is  sufficient  to  determine 
the  character,  tliough  not  the  strength,  of  the  combination,  Nos.  1,  2, 
and  3  are  plane  prisms ;  4  and  6  are  —  sp,  O  Pr, ;  5  =  +  sp,  O  Pr. ; 
7  ^  —  Cyl.  O  Pr.  base  on  axin ;  8  =  +  Cyh  O  Pr.  base  on  axis ;  9  ^ 
—  Cyl.  O  Pr,  base  90°  fmni  axis  ;  10  =  +  Cvl  O  Pr.  base  90*"  from  axis ; 
11  ==  -|-  Cyl.  <0>  Pr.  base  oblique  to  axis  ;  12  =  —  Cyl.  O  Pr.  base  oblique 
to  axis.  It  will  be  observed  also  that  only  in  convex  glasses  is  tlie  picture 
magnified,  only  in  concave  is  it  minified  ;  and  that  as  the  glass  rotates,  only 
in  plane  prisms  or  sphero-prisms  is  there  translation  without  rotation  of  the 
picture,  and  only  in  cylinders  is  there  rotation  of  the  picture  ;  and  in  the  first 
ten  of  these  cuts  the  distance  trom  the  original  place  of  the  line  to  its  apparent 
place  when  seen  through  the  geometrical  centre  of  the  lens  whose  base-apex 
line  is  at  right  angles  to  it  (divide<l  in  each  case  by  the  distance  of  the  lens 
from  the  olyecH  line)  is  the  tangent  of  the  deviation.  On  this  fact  depends 
the  utility  of  the  prism  scales  by  w^hich  mast  of  our  measurements  are  made. 

In  (^ses  11  and  12  the  measurement  must  be  made  from  the  point  seen 
through  tlie  geometrical  centre  of  the  lens  to  the  line  in  its  original  position. 

Fig.  10  a  and  b  (from  Maddox  *)  will  slunv  the  method  of  use.  The 
prism  is   held  so  that  one  sees^  with   minimum   deviation^  through  it  a 
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picture  of  the  origin  or  0  line  of  the  scale,  enough  of  the  scale  being  visi- 
ble wuth  one  or  other  eye  to  give  with  desirable  accuracy  the  amount  of  the 
displacement  as  in  a,  h  being  an  inaccurate  attempt.  The  distance  thus 
measured  is  the  tangent  of  the  deviation  ;  but  the  lines  of  the  scale  may  be 
BO  sjmcxHl  and  numlx'rcM:!  as  to  determine  the  prism  in  units  of  any  of  the 
systems  in  use.  Such  a  scale  may  be  matle  from  the  foHow^ing  table  for 
any  of  the  previously  mentioned  systems,  the  distance  from  the  prism  to 


^  The  Clinical  Use  of  FmmSt  Eniefit  Maddox,  Londoni  1893. 
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the  scale  being  one  metre.  For  any  other  distanoej  larger  or  smaller^  the 
numbers  in  the  table  are  to  be  multiijlietl  by  tlie  dcsii'ecl  distance  in  metres. 
It  seems  hardly  necessarj^  to  remind  the  reader  that  in  the  table  given  the 
third  decimal  place  means  millimetres,  and  the  third  column  is  a  table  of 
natural  tangents. 

TABLE   II. 

IX  A  WALL-TABLE  FOR  THK  MEASUREMENT  OF  PRISMS  THE  DISTANCE  OF  EACH  DI- 
VISION FROM  THE  ORIOIN  IS  THE  TANGENT  OF  THE  DEVIATION  PRODUCED  BT 
THE  PRISM  WHOSE  NUMBER  IT  MARKS,  THESE  TAKQKNT3  ARE  HERE  GIVEN  FOR 
THE   DIFFERENT   &TBTEMS   INDICATED. 


1 . 

1^1 
III 

o 

1 

1 
1 

o 

1 

.0094066 

.0176 

.0100034 

.01 

1 

.0299  1 

2 

.01880 

.0349 

.0200085 

.02 

2 

,0599 

a 

.028321 

,0624 

.0300045 

.OS 

3 

.0902 

-   Interocular  distance  =  .06. 

4 

.0S53O9 

,0699 

.0400194 

.04 

4 

.1206 

6 

,04719 

.0875 

.0600407 

.05 

5 

.1475  , 

a 

.05673 

.1051 

.060067 

.06 

7 

.06487 
.07678 

.1228 
.1405 

.070112 
.080170 

.07 
.06 

1  9 

.08504 

.1584 

.090240 

.09 

10 

.09448 

,1763 

.100332 

.10 

11 

.10462 

.1944 

.110441 

.11 

1 

.0320  1 

12 

.11462 

.2126 

.120575 

.12 

2 

.0641 

18 

.12422 

.2309 

.130735 

.13 

8 

.0966 

y  Interocular  distance  =  .064. 

14 

.18402 

.2493 

.140926 

.14 

4 

.1290 

15 

.14395 

.2679 

.151132 

.15 

6 

,1620  ^ 

The  measurement  of  prismatic  glasses  at  slii>rt  distanees  by  this  nietht>d 
Ptequires  the  use*  of  finely  nikil  scales  and  mechanical  deviee3  for  hulding 
the  prism.  Such  devices  are  embodiecl  in  Mr.  Prentice's  prismometer,  an 
instmment  which  measures  deviation  at  tlie  position  of  perpendicular  inci- 
dence on  a  niilius  of  lineal lalf  metre  or  less.  Prism  scales,  however,  are 
U3imlly  made  for  longer  distanci^s  than  one  metre,  the  advantage  being  that 
coarse  scales  are  more  easily  constructed  thau  fine  ones,  and  that  without 
sensible  error  one  may  bring  the  prism  to  the  pro|7er  place  by  toeing  a  mark 
on  the  floor  instead  of  adjusting  it  more  mrefully  t^**  a  finer  mi^asurement. 
There  is  little  use  in  multiplying  scales  for  oflSce  use.  Take,  for  ex- 
iple,  the  one  in  Fig.  11.  Within  its  limits  one  can  measure  centrads 
ad  prism-diopters  with  equal  aceuraey.  To  do  this  it  is  necessary  to  stand 
at  five  metres.  To  measure  metric  angles  the  left-hand  numbers  are  to 
be  used,  and  one  must  move  seven  centimetres  towartls  the  scale  for  every 
millimetre  that  the  pupillary  distance  cx(M?eds  sixty,  and  ten  centimetres 
iway  from  the  scale  for  every  millimetre  that  it  falls  short  of  that  numljer. 
To  measure  deviation  in  degrees  it  is  necessary  to  hold  the  prism  three- 
qiiartei-s  of  a  metre  farther  hack,  and  the  scale  reading  is  then  to  be  divided 
by  two.      To  measure  refracting  angles  it  is  necessary  to  stand  at  5.28 
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metres.  In  none  of  the  al>ove  cases  will  the  error  be  more  than  the  width 
of  the  line.  The  usefulness  of  either  of  the  other  scales  may  be  extended 
in  the  same  way. 

A  caution  is  necessary  In  using  these  scalea.     With  ceitaio  limitations, 

it  may  be  said  that  their  usefulness  dejiends  ou  the  production  of  diplopia 

in  the  observer.     As  commonly  used,  this  is  a  veritable 

Fig,  11.  binocular  diplopia,  and  the  displacement  measured  is  the 

I  ^^  angular  distance  of  the  image  seen  by  one  eye  from  tliat 

^^^^^  seen  by  the  other.     A  muscular  insufficiency  in  the  ob- 

^^f^IcluE^^^    ser\^er  is  quite  likely  to  show  itself  as  an  error  io  the 

I'esult.     For  that  reason  the  vertical  prism  scale  has  a 

certain  advantage  over  the  horizontal,  as  being  liable  to 

a  less  average  error*     An  error  iu  either  case,  however, 

is  inexcusable,  for  by  moving  and  replacing  the  prism 

quickly  before  the  eye  while  looking  at  the  scale  one 

obtains  the  result  before  the  muscular  trouble  has  time 

to  injure  the  observation.     In  fact,  by  taking  advantage 

of  the  long  duration  of  the  retinal  image,  one  may  in 

this  way  produce  a  uuiocular  diplopia  into  which  this 

error  cannot  enter. 

Perhaps  there  is  no  more  satisfactory  way  of  getting 
the  prismatic  power  of  a  strong  sphero-cylinder  than  by 
covering  it>  if  necessary,  with  a  diaphragm  having  an 
a{>erture  of  about  five  millimetres  over  the  geometrical 
centre  of  the  lens,  and  then  priiduoing  in  one  eye,  by  its 
quick  passage  back  and  tbrth,  the  doubling  of  the  scale. 
All  the  strt^ng  lenses  +  or  —  5  and  over  may  be 
verj*  accurately  measured  by  the  following  method.  To 
the  origin  of  the  scale  a  small  reflecting  surface  of  some 
brilliancy  or  a  very  small  burning  ga-'^'-Jet  is  fixed.  On 
the  lens  which  is  passed  iu  front  of  the  eye  as  above 
directed  a  pin  or  fine  needle  is  so  held  that  its  point  is 
at  the  geometrical  centre.  In  tlie  midst  of  the  circle  of 
diffusion  caused  by  the  point  of  light  will  be  seen  the 
image  of  the  pin,  and  always  at  the  same  distance  from 
the  origin,  which  distance  can  lie  easily  measured  and 
is  the  deviation  sought.  One  who  wears  glasses  may 
or  may  not  vitiate  this  experimcut  by  turning  the  head,  and  such  an  ob- 
server may  do  better  to  remove  his  glas.ses,  for  the  success  of  this  metiuid 
requires  that  the  lens  being  examined  sliall  not  correct  the  refraction  of  tlie 
examiner  within  thrce  or  tour  diopters.  The  iiin-poiut  may  be  replaced  by 
an  ink  drjt  or  by  a  strong  lens  having  a  diamond  mark  at  its  geometrical 
^ntre.  \V  ith  two  such  lenses — ijne  plus  and  one  minus — cyf  f\\v  diopters 
or  over  to  choose  from,  any  spectacle  lens  may  he  thus  exaiuiiiciL 

Another  method  of  getting  the  deviation  is  shown  in  Fig.  12,  taken 
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Fig.  12. 
h 

Eonnni 


from  Maddox,  where  the  image  6  of  a  small  ix>mt  of  light  g  is  thrown  od 

the  tangent  scale  or  arc  by  a  ffX'.nssing  lens  c.     The  prism  iiitiTKluced  at  d 

displaces  the  image  along  this  scale.     The  lens  a  should  l>e 

n^plaeed  by  a  telescopic  erecting  piece*  so  arranged  that  the 

distance  between  its  two  lenses  might  Ix^  changed  at  will. 

It  won  Id  then  be  equally   suited  for  all  sphero-prismatic 

combinations,  the  distant^?  tjetwccn  the  two  lenses  required 

for  the  formation  of  a  distinct  imajje  indieatiutr  the  numlK^r 

of  the  sphere,  and  the  displacement  denoting  the  number  of 

the  prism.     The  same  principle  can  easily  be  extended  to 

cylinders. 

For  measuring  the  mfmcting  angle  of  a  prism  the  Geneva 
Optical  Company  has  intrmhiad  a  clieap  form  of  goniometer 
that  docs  equally  well  for  all  lenses,  either  simple  or  coni- 
jKHmd.  It  gives,  to  be  sure,  only  the  retracting  angle,  but 
it  is  exceedingly  convenient  The  principle  is  shown  in 
Fig.  13.  The  geometrical  centre  of  the  lens  is  placet!  under  the  |K>int  JVl 
The  extreme  points  I)  and  />'  are  then  (>resstM:l  on  the  lens,  which  may  be 
turned  if  necessary  to  give  the  maximum  reading  at  F,  the  other  end  of  the 

index  hand* 

FiQ.  18. 


Any  object  seen  at  the  position  of  minimum  deviation  through  a  plane 
prism  will  be  neither  magnified,  minified,  nor  distorter! :  it  will  be  simply 
dlsplaceth  Translation  of  the  prism  in  its  own  plane  will  prrxluce  no 
apparent  motion  in  the  object.  Rotation  of  the  prism  in  its  own  plane  will 
change  simply  the  direction,  but  not  the  amount  of  displacement ;  conse- 
quently, any  p<^^iint  that  can  tie  identified  will  apparently  rotate  with  the 
prism  about  its  real  f^Kjsition.  A  straight  line  whose  elements  cannot  be 
distinguished  the  one  firora  the  other,  however,  will  assume  a  simple  har- 
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momc  motion  as  the  prism  is  turned,  i'<?turuiiig  to  its  original  position  as 
as  the  base-a|>ex  line  of  the  pri.sm  becomes  parallel  to  it.     Its  niaxL^ 
displacement  will  be  wlieji  it  is  at  right  angles  to  the  base-ajx^x  lia^ 
Hence  a  picture  like  Fig,  14  determines  at  once  the  deviation  and  the 

apex  direction.     By  moving  the  pria 
^'®*  ^^'  to  the  left  or  right  till  the  fwr})endi^ 

JL  ^1  lar  line  is  unbroken^  the  optical  i^i 

/Tj  /"[    \  /^i         of  the  lens,  if  such  centre  is  siti: 

vL>^         VXy^  ^*— ^        io  the  glass  itself,  can  l>e  found  a1 

I  ^1  intersection  of  the  two  lines. 

In  a  plane  prism  the  first  thi 
be  dctamined  is  the  hase-apex  line.     It  may  be  obtained  by  sight,  as  i 
4Nrv  if  the  prism  is  so  cut  a.s  to  leave  its  alge  intaet_»  any  line  perpeuA^ 
ii>  tbu»  may  be  taken  as  a  base-apex  line.     In  the  prisms  of  the  tesi 
thai  line  passing  through  the  geometrical  centre  is  marked. 

If  il  IB  desired  to  know  the  refracting  angle,  the  index  being  kn 
to  be  L54,  it  may  be  tested  as  previously  noted  on  page  15. 
be  pJtooed  under  the  Geneva  g^^niometer  and  revolved  in  its  ow 
f  maximum  reading  is  obtained.    It  also  may  be  placed  betw 
lof  la  urdinary  pair  of  dividers,  so  that  the  legs  fit  closely  a 
in  the  base-a|>ex  direction.     (Fig*  15.)     If  the  frame  of  t 

Fio.  16. 


t^lll^il^geiB  cut  too  thin  for  such  procechtre,  a  small 
MitfolftQ  section  pla<^  on  one  or  bith  sides  of  the  pi 
'     '  ;y.      The  degrees   may  be   then   read   by  pla.< 
;.fck  .\  m^rtnw^or  of  mdius  that  is  etpial  to  their  length  of  l^ 
I  -I  At  the  (/i  —  ly^  jjart  of  the  distance  from  the 
'     vleviation  for  the  same  prism,  if  a  weak  ok:^ 
to  mark  on  the  dividers  the  place  at  v^r^ 
'j;«uximntely  measured  for  any  refracting  anglt^— ^ 
h;  .'.vsnuined  is  a  sphero- prism,  the  dividers  a" 
.     ii^  ^miometer,  thongh  a  double  convex 
^y  Ihera  at  its  geometrical  centre  will  shc^ " 
s^  itkl  of  the  ring  or  a  small  well-centred 

iproached.     The  Geneva  instrnm^^ 
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ever,  is  more  satisfactory ;  and  this,  in  its  turn,  is  not  so  aocurate  as  the 
optical  method,  because  the  ultimate  desire  is  usually  the  deviation,  and  that 
may  be  obtained  more  directly  by  the  wall-scales,  in  accordance  with  the 
rales  previously  given  on  pages  153,  154,  and  155.  If  there  is  a  cylinder 
in  the  combination,  it  is  best  to  rely  on  the  optical  methods  or  to  employ 
the  Geneva  instrument. 

It  is  very  often  convenient  to  know  with  considerable  exactness  the 
relation  that  exists  between  decentring  and  prismatic  action.  For  this 
purpose  the  table  on  page  160,  taken  from  Maddox,  will  be  found  useful. 
Without  a  table,  the  relations  are  easily  obtained  from  the  properties  of 
the  lens.  Parallel  rays  entering  the  lens  all  cross  each  other  at  the  focal 
plane,  only  the  central  ray  being  unchanged  in  direction.  Hence  any  ray 
passing  through  the  plane  of  the  lens  will  make  an  angle  with  the  central 
ray  which  is  equal  to  the  deviation  that  is  produced  by  the  lens  at  that 
point, — an  angle  whose  tangent  is  the  decentring  of  the  lens,  the  focal  dis- 
tance being  the  radius.  Hence,  if  D  equal  the  strength  of  the  lens  in 
diopters,  y  the  amount  of  the  decentring,  /  the  focal  distance  (equal,  of 

course,  to  -^),  and  d  the  deviation,  we  have 

I!  =  tan  (f ,  or  />y  =  tan  d,  (18) 

Multiplying  both  sides  of  the  equation  by  100  to  reduce  to  prism-diopters, 

100i>y  =  rfA.  (19) 

For  centrads,  use  the  same  formula, 

100i>y  =  dV,  (20) 

but  measure  the  decentring  y  on  the  curved  sur&ce  (supposed  double 
convex),  or,  rather,  imagine  it  measured  there;  the  difference  is  usually 
imperceptible.     For  d^rees,  reduce  by  the  coefficient  .57295, 

bl.Dy^zd^.  (21) 

For  metric  angles,  divide  by  3, 

19.2>y  =  rf«.  (22) 

These  formulse  are  useful  as  answers  to  questions  of  this  type :  What  will 
be  the  deviation  in  metre-angles  caused  by  decentring  a  seven-diopter 
lens  six  millimetres?  In  the  metric  system  six  millimetres  is  .006,  and 
Formula  (22)  solves  the  question,  thus : 

19x7X.006  =  d*»=.798, 

which  is  nearly  eight-tenths  of  a  metre-angle. 

In  a  question  like  this.  How  far  shall  a  four-diopter  lens  be  decentred 
to  give  a  deviation  of  three  prism-diopters?  we  have  from  (19) 


"^  lOOi)     400 

which  gives  the  answer,  7.5  millimetres. 
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It  is  sometimes  necessary  to  know  the  result  of  combining  two  prisms 
of  different  strength,  so  placed  that  the  base-apex  lines  are  not  parallel. 
The  general  problem  is  one  of  spherical  trigonometry,  where  each  side  of 
the  triangle  is  an  arc  which  is  equal  in  degrees  to  the  deviation,  and  where 
one  of  the  angles — that  between  two  of  the  prisms — is  given.  The 
£>rmula  is 

COS  a  =  cos  b  .  cos  e  —  sin  6  .  sin  e  .  cos  A^  (28) 

in  which,  of  course,  small  letters  are  sides  and  large  letters  are  angles. 

The  following  example  will  illustrate  and  Fig.  16  will  show  the  vector, 
the  graphic,  and  the  trigonometrical  method.    What  is  the  result  of  putting 

Fio.  16. 


before  the  eye  two  prisms,  5  and  c,  the  apex  of  one  being  at  0®,  the  other 
at  35®,  on  the  trial  frame,  5  being  equal  to  9*,  o  equal  to  5*,  and  a  equal 
to  the  resultant  prism  ? 

cos  a  =  .9877  X  9962  —  .1564  X  .0871  X  .8192  =  .97274. 

.97274  is  the  cosine  of  13®  24',  the  required  prism.  The  same  formula 
may  be  transposed  and  applied  to  the  finding  of  the  angle  C,  when  the 
whole  problem  is  determined. 

It  is  rarely  necessary  to  use  a  rigidly  accurate  formula.  The  customary 
method  is  to  consider  the  question  one  of  simple  trigonometry  on  the  tangent 
plane,  using  the  formula  for  the  solution  of  oblique  triangles,  and  changing 
the  sign  of  the  cosine  as  before,  this  being  done  because  the  angle  between 
the  two  prisms  becomes  the  external  angle  in  the  triangle  to  be  solved. 
The  formula  in  this  case  is 

o»  =  6«  +  c»  —  2*c  cos  A.  (24) 

When  the  angle  A  between  the  two  prisms  is  a  right  angle,  the  last 
term  in  the  equation  becomes  0,  and  the  problem  is  reduced  graphically  to 
the  Pythagorean  proposition  that  the  resultant  prism  is  the  square  root 
of  the  sum  of  the  squares  of  the  other  two  prisms.  The  strength  of  the 
prisms  being  given,  either  of  the  angles  can  be  found  by  the  formula 

a}  A'  r* 

'^^^iac  +  t-t'  (26) 

or,  when  ^  is  a  right  angle, 

tanB=-i-.  (26) 

The  above  resnlts  are  obtained  for  the  superposition  of  two  prisms  before 
Vol  II.— 11 
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one  eye.  If  one  of  tlio  prisms  b  placed  befoi^e  the  other  eye,  the  sign  of 
the  last  term  of  equation  (24)  is  to  be  changed  from  —  to  +,  and  the  last 
term  of  equation  (25)  from  -f  to  — ;  or,  what  amounts  to  the  same  thing, 
180°  is  to  be  added  to  the  position  of  the  priam  in  the  trial  frame,  and  the 
above  fonnuhe  usihI  as  they  stand. 

It  is  sometimes  desirable  to  produce  a  displact*ment  of  variable  degree, 
but  in  one  direi*tion  only,  by  prismatic  action.  In  most  cases  this  is  accom- 
plished by  the  ix»tation  of  one  t>r  more  prisms,  each  in  its  own  plane-' 
When  a  prism  with  its  plane  perpendienlar  to  the  axis  of  vision  is  rotated 
in  that  plane  and  about  the  visual  axis,  any  object  seen  through  it  moves 
in  a  circle  about  its  real  position.  Tlic  displacement  is  always  equal  in 
amount,  but  is  variable  in  diref:tinn.  The  well-known  device  of  cnnsider- 
ing  circular  motion  as  composeil  of  two  simple  harmonic  motions  at  right 
angles  to  each  other  is  particularly  usc^fnl  here,  sinw  the  princiiwil  motions 
of  Uic  eye  are  made  liy  two  pairs  of  muscles  whose  lines  of  action  are  also 
at  right  angles  to  each  other. 

The  resolution  of  the  circular  motion  into  its  vertical  and  horizontal 
harmonic  components  enables  us  to  show  at  a  glance^  or  calrolatc  with  pre- 
cision, just  how  much  of  the  displacement  caused  by  a  prism  in  any  position 
18  correctc<l  by  the  liorizontal,  and  how  much  by  the  vertical,  muscles.  The 
deviation  or  displaecment  Ix^ing  always  towards  the  ajiex,  to  obtain  the 
com|X)nent  for  any  other  direction  the  total  amount  is  to  l>e  multiplied  by 
the  cosine  of  its  angular  distance  from  the  aiicx.  As  an  ilhistration,  let  it 
be  asked,  Wliat  |iart  is  playe<i  by  each  tiftlte  four  recti  muscles  in  adjtisting 
the  right  eye  tu  a  prism  of  8"*,  whose  apex  is,  as  placed  in  the  trial  frame,  at 
85°  30',  the  degree  marks  on  the  frame  btnng  numbered  counter-clockw^ise 
from  the  insertion  of  the  internal  reetns?  Belou'  is  given  tlie  result  of 
nmlti[>lying  the  cosine  of  the  angular  distance  of  the  insertion  of  each 
musele  from  the  prism's  ai>ex  by  the  number  of  the  prism  : 

Intemal  n-clii*.  —    85*  80'  +  ,26    X  8  =  2«. 
Supmnr  rectup,  +    ll**  30'  4-  ,968  X  8  =^  1.7^. 
Extvrrml  m-tus,  -f  104"*  30'  —  .25    X  8  =  —  2*. 
Inferior  m?tm,   -f  194<»  80'  —  .968  X  8  =  —  7  75^ 

The  minus  sign  in  the  first  column  indicates  that  the  position  of  the  in- 
ternal rectus  was  measured  l>y  counting  the  degrees  hmckward  on  the  scale* 
Minus  in  the  last  column  iiidicates  an  adjustment  by  relaxation. 

The  distribution  of  work  among;  the  muscles  may  also  l>e  estimated  by 
multijilyini;:  the  sti-ength  of  tlie»|irism  by  the  sine  of  tlie  nunil>er  of  degrt^^ 
tlutnigh  wbicli  the  apex  of  the  prism  is  removed  from  the  **  jwsition  of  no 
effect,"  the  positive  direction  being  that  in  which  it  will  reach  the  muscle 
the  most  quickly.  Thus,  when  the  n\H^x  is  vertical^  the  ]>rism  has  no  effect 
on  the  right  internal  rectus,  because,  as  the  apex  is  turned  clockwise,  the  sine 
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of  the  aogle  through  which  it  has  tixrnetl  i%  the  fractional  part  of  the 
deviation  which  must  be  corrected  by  the  internal  rectus.  Consequently, 
the  prism  is  numbered  in  units  of  deviatioo,  it  is  convenient  to  assume 
^that  the  initial  departure  from  the  **  position  of  no  eireet'*  produces  one 
minute  of  deviation  per  unit  of  prism  for  every  degree  of  rotation.  After 
about  thirty  degrees  have  ht^en  reached  the  rigid  formuhi  must  l>e  usetl. 

The  comjK>unding  of  two  circular  motions  of  e4:iual  ^MTiod,  amplitude, 
ad  ep<:>eh,  but  of  opposite  sense^  pi-oiluces  a  simple  harmonic  motion  of 
double  the  amplitude,  and  so  the  deviation  for  any  position  produced  by  two 
prisms  which  are  turiKnl  ecpially  in  opposite  directions  may  lie  thus  found. 
It  will  lie  in  a  line  whicli  bisects  internally  the  base-apex  lines  of  the  com- 
ponent prisms,  and  in  amount  will  be  a  prism  which  is  equal  to  their  sum 
multiplied  by  the  sine  of  the  angle  through  which  either  one  has  turned 
from  the  *'  position  of  no  etTect.*' 

Familiarity  with  the  principles  thus  far  considered  will  make  it  an  easy 
matter  to  miderstand  and  apply  prisms  and  prism-carrying  instruments  to 
the  puqxDses  for  which  they  are  designed.  It  only  remains  to  mention  tlie 
forms  in  which  they  are  generally  seen.  Most  familiar  are  the  ten  prisms 
from  2**  to  20°  that  are  furnished  with  the  Nachet  case  of  lenses.  These 
fit  the  trial  frames  and  have  the  base'af>ex  line  marked.  By  a  little  care  and 
managenit^nt  they  will  do  almost  everything  that  is  requiriHrl  in  ordinary 
clinical  work*  Nearly  all  the  rwpiireil  amounts  of  deviation  may  be  pro- 
ducid  by  interchange  and  super[>o.sitioii  before  one  or  both  eyes. 

Any  pair  of  muscles  may  Ix'  eliminated  from  the  experiment  by  using 

a  line  of  uniform  width  in  the  plane  of  the  muscles  for  an  object.     Equal 

prisms  homonymously  or  symmetriailly  placed   one   before  each  eye  and 

rotated  by  the  fingers  will  be  found  a  very  good  makeshift  for  some  of  the 

more  elegant  arrangements.     This  is  said  without  any  desire  to  clieapen 

the  Ijetter  instruments  or  to  discourage  the  use,  under  all  circumstanc^es,  of 

the  best  obtainable. 

Fig.  17, 


For  producing  definite  amounte  of  hetcrophoria,  prisms  can  be  per- 
manently mounted  in  special  trial  frames,  with  or  without  a  spirit-level 
attached,  or  can  he  made  hi  sets  to  fit  such  frames  as  shown  in  Fig*  17, 
from  Maddox. 

This  is  not  the  place  to  c^msider  the  advantage  of  intermittent  over- 
coDtiimous  increase  of  deviating  power  in  the  examination  of  muscular 
troubles.  It  is  quite  likely  that  neither  plati  shoukl  entirely  supplant  the 
other,  and  the  next  instrument  in  order  of  sim|jlicity  is  Dr  Noyes's*  bar 


104 


PRISMS    AND    PRISMOMETIIY. 


arraDgement  of  rhomb-shaped  pri.sra.s  (Fig,  18)  advancing  by  intervals  of 
2^,  with  a  supplementary  bar  ciintainiog  prisms  of  5*^,  15°,  and  10^,  to  h«^ 

held  in  front  of  the  longer  bar  if  nec*e8s«ry.     Dr,  Emerson  has  niodifinl 
this  device  by  tixing  one  or  more  suppU^mentary  prisms  so  that  tliey  may 
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Ik?  slid  akmg  the  back  of  the  long  bar  to  tlie  plaee  needed.  Dr.  Noyes  has 
also  intriKhictxi  a  very  eonvenieat  furm  uf  stereoscope  to  Ix^  use<i  with  a  set 
of  squai-e  prisms.  Any  useful  deviation  can  be  produced  by  this  devicie, 
either  for  m^ai^  for  virtual,  or  for  actual  distance,  comiwunents  and  residtants 
being  ctdeulatetl  if  otx'essary. 

The  Herschel  combinations  for  cimtinuous  increase  of  deviation  in  a 
single  and  definite  direction  are  all  analogous  in  action  and  construction 

FiQ.  19. 
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to  the  Stokes  lens*  Tlie  iirst  ti>  Ix*  iritrtxlut**xl  to  the  elinic^al  ophthalmolo- 
gist wm  the  Cret^  *'prisme  mobile/'  In  this  wintrivanee  two  equal  prisms 
are  movtd  in  opjxisite  diroctiont*  by  a  button  that  slides  along  the  handle 
at  a  rate  whieh  is  proportional  to  the  angular  motion  of  the  prismt^. 
Mounted  in  various  ways  and  niovetl  by  various  gear^,  this  combination 
was  mfKlified  without  material  iiii[)rovenient  until  it  was  made  by  Dr. 
Risler  to  fit  the  trial  frame.     (See  Fig.  20.)     This  arrangement  has  been 
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Still  further  riiodififN:!  by  Dn  Jacksrm,  by  the  add  it  ion  of  n  third  prism  of 
like  strength,  but  imiuovable,  it  being  so  pktii'd  that  it  entirely  neutralizes 
the  Hersehel  combination  when  that  combination  is  in  the  {>osition  of 
maximum  effect*     The  objeii  of  this  addition  is  to  revei*se  the  irrationality 
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^^«  sk  f*: 


of  the  scale,  so  that  the  finer  prradations  may  be  easily  noted  at  the  first 
part, — i.e.^  for  the  weaker  numbers, 

A  radical  improvement  for  some  piir|>oses  has  Ijeen  made  over  the 
Herschel  combination  by  Dr,  Stevens*'s  phon>meter  (Fig.  21),  which  trans- 
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fers  one  of  the  prisms  to  the  other  eye,  thus  dividing  the  effect  between 
the  two  eyes.  It  need  only  h}  refen*ed  to  here,  as  the  instrument  is  de- 
scribed by  him  in  another  article  in  the  System.  From  a  physical  stand- 
point, the  difference  is  that  the  two  images  are  equally  displaced,  and  revolve 
alx»ut  the  fixation  |KTint  of  the  ^^roil  cyclopienne''  at  opposite  ends  of  the 
diameter  that  pas.'Sies  thmugh  it.  The  lenses  are  so  large,  alst>,  that  they 
may  be  ojjerated  at  a  (considerable  distance  from  the  patient*s  eye,  thus 
adding  to  the  convenience  of  both  the  patient  and  the  examiner.  The 
fonnula  by  which  the  results  are  calculated  is  the  Siime  as  for  the  Hei^schel 
combination,  except  that  it  is  necc^ssary  to  add  180°  to  the  trial  fmme 
position  of  the  prism  which  is  transferred  from  one  eye  to  the  other* 

Every  one  is  familiar  with  the  **  Maddox  double  prism"  (Fig.  22), 
which  is  a  prism  of  175°,  so  worn  that  the  ai>ex  bisects  the  pupil  and  thus 
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produces  uniocular  diplopia,  the  two  objects  thus  seen  determining  the  line 
of  equilibrium  for  the  other  eye.     The  apex  should  be  perfectly  grouni 

The  Wollaston  prism  in  the  Javal  ophthalmometer  consists  of  two  qoarti 
prisms,  so  cut  that  when  in  position  the  base  of  each  is  at  the  apex  of  the 
other,  and  the  optical  axis  of  each  is  at  right  angles  to  that  of  the  other  and 
to  the  axis  of  vision.  By  this  arrangement  the  two  waves  that  are  oidiuarT 
and  extraordinary  in  the  first  prism  become  respectively  extraordinary  and 
ordinary  in  the  second.  The  result  is  that  the  second  prism  is  rarer  for  one 
wave  and  denser  for  the  other  than  the  first,  and  the  refraction  takes  place 
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in  (Hjual  amounts,  but  in  opposite  directions.  The  deviation  thus  obtained 
is  for  oai'h  ray  the  same  as  if  it  had  passed  at  perpendicular  incidence 
through  a  prism  of  like  numl)er  of  d^rees,  but  of  a  refractive  index  equal 
in  tho  i>no  «iso  to  the  oixlinary  divided  by  the  extraordinary  index  of 
t|uart/.,  and  in  the  other  ttise  to  its  reciprocal.  These  numbers  as  obtained 
(rym\  Kvon^tt  an-  for  one  wave  1.00689,  for  the  other  .99414. 

Tho  n  tract  intr  angle  R  of  either  of  these  equal  prisms  thus  becomes  the 
angle  of  inoidoiuv  for  either  ray  in  its  passage  from  one  to  the  other.  The 
deviation  may  Iv  I'jUonlateil  for  either,  as  the  amounts  are  equal,  the  direc- 
tions Unng  op|H>site.     That  for  the  onlinarj-  ray  b  thus  obtained : 

P,      >in-»  ^l.OOeSt^  X  sin  R)  —  R. 

l\  thon  Uxxunos  tho  angle  of  incidence  on  the  last  surface  of  quartz, 
and  its  tnrthor  inon\ns<^  may  Iv  i^loulated  by  using  the  mean  index  of 
\|uait;  tor  air»  \>hioh  is  I.MS74  : 

l\  is  tho  u^al  doviation  prvxhuwl  in  one  ray.  Doubling  this  final  result 
^vNxvs  :."/>,,  tho  auiiular  m  jviratUm  of  ^nM^^^  a^«i  thiongh  a  Wollaston  prism. 
Tho  tolU^>\u^  simplo  tonuula  o^uuhx^  />,  with  R: 


THE  PRINCIPLES  OF  AND  THE  METHODS 
FOR  THE  ESTIMATION  OF  THE  BAL- 
ANCE OF  THE  EXTRA-OCULAR 
MUSCLES. 

BY  GEORGE  T.  STEVENS,  M.D ,  Ph.D., 
New  York  City,  New  York,  U.S.A. 


In  the  determination  of  the  I'elative  positions  of  objects  in  the  field 
of  r^ard  by  the  sense  of  sight,  the  relation  of  the  points  of  the  retina  on 
^which  the  impression  of  the  object  is  received  to  the  macula  lutea,  or  the 
sense  of  the  muscular  adjustment  demanded  in  order  to  bring  the  impression 
to  the  macula,  constitutes  the  basis  on  which  is  formed  the  judgment  in 
regard  to  the  positions  and  the  expanse  of  the  objects  seen. 

If  the  normal  eye  is  so  directed  as  to  receive  the  most  distinct  percep- 
tion of  a  given  object  or  portion  of  an  object,  the  eye  must  be  so  adjusted 
that  a  straight  line  drawn  from  the  point  of  regard  will  pass  through  the 
nodal  point  of  the  eye  to  the  macula  or  fovea  centralis  retinse. 

The  extent  of  an  object  in  the  field  of  vision  or  the  distance  or  direc- 
tion of  any  other  object  with  reference  to  the  first  in  any  other  part  of  the 
plane  of  the  field  of  vision  is  determined  by  reference  to  the  relative  dis- 
tance and  position  of  a  second  retinal  impression  from  this  given  point  or 
by  the  estimation  of  the  muscular  sensations  which  arise  or  which  would  arise 
from  changing  the  adjustment  from  the  first  point  of  regaixi  to  the  second. 

The  straight  line  drawn  from  the  point  of  regard  through  the  nodal 
point  to  the  macula  is  known  as  the  visual  line,  which  nearly,  although 
not  precisely,  corresponds  with  the  axis  of  the  eye.  The  angle  made  by 
the  intersection  of  the  visual  line  and  of  the  axis  of  the  eye  is  known  as 
the  angle  a. 

If  the  rays  of  light  from  an  object  are  concentrated  at  any  one  point 
of  the  retina,  the  object  is  seen  singly  with  that  eye ;  but  if  the  rays  are  so 
divided  as  to  fall  upon  more  than  one  point,  an  image  of  the  same  object 
may  be  recognized  as  having  the  appearance  of  more  than  one  object. 

When  two  images  of  the  same  object  are  seen  by  the  same  eye  the 
phenomenon  is  known  as  monocular  diplopia.  In  eyes  not  abnormally 
affected  or  not  very  irregular  in  refractive  character  monocular  diplopia 
can  be  induced  only  by  artificial  means,  but  in  certain  diseased  conditions 
of  the  media  in  which  dispersion  of  the  rays  of  light  results,  and  in  certain 
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refractive  anomalies,  multiple  images  may  be  tbe  cause  of  mach  anDoyinoe. 
Monocular  diplopia  sometimes  also  follows  a  surgically  induced  cbangeiB 
the  relative  adjustmeuts  of  the  two  eyes. 

It  is,  for  experimental  purposes,  easy  to  indnce  the  second  image  in  a 
single  eye  by  artificial  means.  If  one  holds  a  prism  or  a  convex  spheml 
lens  before  the  eye  in  such  a  manner  that  the  edge  intercepts  a  part  of  At 
rays  from  the  object  which  enter  through  the  pupil  while  other  rays  from 
the  object  pass  directly  through  the  pupil,  the  prism  or  spherical  lens  will 
divert  the  rays  passing  through  it  so  tliat  an  impression  of  the  image  will 
be  made  on  the  retina  at  a  jwint  removed  from  the  impression  made  by  the 
rays  passing  directly,  and  the  object  will  be  attributed  to  two  portions; 
that  is,  monocular  diplopia  will  be  induced. 

In  the  adjoining  figure  (Fig.  1)  the  edge  of  the  prism  is  brought  from 
below  so  as  to  be  at  the  height  of  the  centre  of  the  pupil.  The  rays  of 
light  which  pass  through  the  upi>er  portion  of  the  pupil  from  A  peas 

Fio.  1. 


Diagram  illustrating  monocular  diplopia. 

directly,  with  the  usual  refraction,  to  the  macula  at  a,  while  those  which 
enter  the  lower  half  of  the  pupil  have  l)een  directed  downward  in  their 
course,  and  the  impression  is  made  at  h.  The  object  as  perceived  at  the 
point  a  will  apjK^r  at  .1,  while  the  same  object  as  perceived  at  6,  the  lower 
point  in  the  retina,  will  apjx^ar  alK)ve  the  first  image  at  B. 

From  this  exi)eriment  with  a  single  eye  it  will  be  easy  to  understand 
that  if  the  imuires  which  are  represented  ujwn  the  two  retinae  are  not 
repres(Miteil  ujum  c»orn»sponding  jK>iuts  of  these  retinae,  the  object  will  ap- 
jH'ar  to  the  two  oyt*s  as  Ix'injr  scvn  in  two  plac»es.  For  example,  if,  the 
head  U'ing  in  the  primary  position,  in  one  eye  the  image  is  formed  at  the 
macula  or  point  <?,  as  in  the  figure,  and  in  the  other  eye  it  is  formed  at  a 
lK>int  corn»sjK)nding  to  ft,  then  the  api>arent  {K>sition  of  the  images  will  be 
exactly  in  the  same  n^lation  as  when  they  were  seen  by  one  eye  at  A  and  5, 
and  therefore  there  will  be  double  vision  resulting  from  the  two  eyes,  or 
biniKnilar  diplopia. 

In  the  normal  arrangement  of  the  eyes  there  is  always  an  effort,  by 
means  of  musi^ular  adjustments  of  the  axes  of  the  two  eyes,  to  bring  them 
into  such  relations  that  the  image  of  the  *'  jwint  of  regard"  will  fall  upon 
exactly  corresponding  juirts  of  the  two  rt^tinte.     When  this  adjustment  is 
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aooomplished  the  two  eyes  see  as  one  and  a  single  perception  is  presented 

to  the  mind.     Although  the  two  eyes  in  ordinary  vision  act  as  one,  they 

are  by  no  means  restricted  to  a  single  sensation.     The  impressions  may  be 

made  at  points  of  the  retinae  which  are  not  at  all  identical  in  the  two 

eyes,  but  in  order  to  convey  the 

impression  of  single  vision  they  ^'°*    * 

must  be  corresponding  points. 

The  manner  in  which  the 
impressions  are  made  upon  cor- 
responding points  is  illustrated 
in  Fig.  2. 

If  the  point  A  makes  im- 
pressions at  the  points  a,  a  of 
the  two  retinse,  and  if  B  makes 
impressions  at  6,  b,  then  a  and  a 
are  corresponding  points  and  6 
and  6  are  corresponding  points. 

The  visual  angle  is  that  angle 
which  is  formed  at  the  nodal 
point  by  the  crossing  of  lines 
drawn  from  different  points  in 
the  "  field  of  regard," — that  is, 
from  different  points  of  an  object 
or  from  different  objects.  The 
spatial  points  of  the  retina  affected  by  the  extension  of  these  lines  back- 
ward (Fig.  3)  convey  to  the  mind  by  their  relative  positions  the  idea  of 
the  relative  positions  of  these  different  points  of  regard. 

This  mental  achievement  is  in  reality  an  interpretation,  either  before 
the  act  or  the  result  of  it,  of  sensations  excited  by  the  muscular  effort  which 
IS,  or  which  would  be,  re- 
quired to  move  the  eye  so  ^^®*  ^* 
that  the  point  a'  should 
be  brought  to  occupy  the 
position  of  the  point  A'. 

When  we  consider  the 
minute  distances  between 
the  retinal  spaces  which 
are  to  be  measured  by 
muscular  sensation,  and 
when  we  further  consider 
the  fact  that  this  wonder- 
fully accurate  estimation 
of  muscular  energy  must  be  directed  to  the  two  eyes  in  infinitely  varying 
positions,  the  marvellous  delicacy  of  the  sense  of  the  small  ribbon  muscles 
whidi  move  the  eyes  becomes  a  subject  of  great  practical  importance.     It 


CorraspondlDg  points. 


The  visual  angle.— The  extremities  of  the  object  Aa,  at 
the  distance  A,  are  projected  on  the  retina  at  A'a',  while  the  ex- 
tremities of  the  laiger  object  Bh,  at  the  distance  B,  by  forming 
the  same  angle  at  the  nodal  point,  'are  projected  at  points  of  the 
retina  equally  separated  with  those  of  Aa. 
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is  apparent  that  if  at  every  instant  of  the  constantly  changing  adjustments 
uf  the  eyes  dnring  all  the  hours  of  wakefulnt^ss  this  unity  of  adjustment 
and  this  jwrfect  judgment  of  energy  are  unceasingly  exercised,  it  cannot  re- 
quire a  gross  nialassiHi'iation  of  these  most  accurate  of  all  muscles  to  cause 
disturbance.  As  a  luatter  of  fact,  very  slight  faults  of  relative  tensions 
may  result  in  extremely  imix»rtant  disturbances  of  nervous  energj^  when 
the  adjustments  demanded  are  uiiuute  and  continuous.* 

The  associated  movements  of  the  two  eyes,  achieved  by  the  combined 
action  of  the  various  eye-muacles,  imply  a  nicety  of  balance  and  a  quick 
response  to  nervous  impulse  not  found  in  other  jTarts  of  the  organism. 

It  is  impossible  to  torm  an  estimate  uf  the  fort*e  which  under  the  in- 
fluence of  the  will  may  be  exercised  in  bringing  about  the  adjustments 
required  of  the  two  eyt^. 

By  reason  of  a  less  favomble  arrangement  of  the  muscles  one  person 
may  be  obliged  to  exercise  greater  force  under  the  dircc*tion  of  the  will  than 
another  person  in  whom  the  arrangements  are  more  favorable,  and  the  dis- 
adviiiitageous  construction  in  the  case  of  tlic  first  dws  not  by  any  means 
imply  weakness  of  any  must^le  or  jmir  of  nmsclcs.  ludcetl,  in  many,  if 
not  in  most,  cased  of  the  conditions  which  have  often  been  styled  "  weak* 
ness'*  of  certain  mus<'les,  all  the  muscles  within  the  *>rbit  are  strong,  often 
much  stronger  tfiau  they  woidd  be  in  a  condition  of  j>erfet*t  etiuilibrium, 
Especially  is  this  tnie  of  muscles  to  which  the  expression  *'  weak"  is 
most  ct^mmouly  appliah  This  statement  can  be  easily  verified  by  tlie 
trojx>mcter. 

R<:'actions  through  the  medium  of  the  nervous  centres  resulting  from 
anomalies  in  the  moving  apparatus  of  the  eyes  may  be  of  greater  or  less 
account,  and  may  assume  a  variety  of  fnrmSj  depending  ujion  the  |>Iiys- 
ical  force  at  the  command  of  the  iudividual,  his  environments,  and  the 
circumstances  to  which  he  may  be  subjected*  And  it  hapjiens  that  an 
anomalous  condition  of  the  eye-muscles  wliich  may  induce  little  apparent 
nervous  reaction  in  one  [mtsou  may  be  the  tnuse  of  impirtant  disturbance 
in  another. 

In  all  examinations  relating  to  the  equilibrium  of  the  eye-muscles  the" 
fact  that  the  element  of  voluntary  ettbrt  on  the  part  of  tlie  person  examined 
can  rarely  be  eliminated  is  not  to  be  underrated. 

We  cannot  mcastire  the  comparative  ditfcrence  of  effort  in  all  wular 
adjustments  in  different  individuals  directly.  We  may,  however,  take  ad- 
vantage of  the  double  images  which  may  exist,  or  whicli  may  1k^  artificially 
induced,  to  make  an  approximate  estimate  of  the  extent  and  character  of 
the  hinderances  to  pcrftNL*tIy  frtn^  associated  movements. 

As  m  result  of  such  an  cxaminatitm,  wc  may  find  either  that  tliej'e  is 
-Hi  affttPently  correct  muscular  arrangement  or  that  certain  muscular  di&- 
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Laglht  m  ita  Relation  to  DLsejiB©,  New  York  Medical  Journal^  Junei  1877. 
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In  the  causes  in  whicli  there  is  ajipareutly  the  btst  niostMhir  cqiiilibriiioi 
— that  is,,  the  otmditk>n  in  whk4i  |Kirjllelism  of  tlie  visual  line«  is  main- 
tained  with  the  minimum  of  nervous  effort — ^the  conditiou  is  koowo  as 
Orthophoria. 

The  disabilities  of  less  favorable  miUM^nlar  conditions  may  Ije  arranged 
in  three  elasses. 

In  the  first  there  exists  the  power  to  bring  the  two  eyes  into  sueh 
rehitive  pjsitinus  that  single  vision  is  habitually  maintaine<l ;  bat  the  ten- 
dency is  for  the  visual  h'nes  not  to  fall  upon  tlie  siime  point  of  regaiil,  and 
it  is  through  an  effort  of  the  will,  conseious  or  unconscious,  tliat  they  do 
not  follow  the  tendency  and  thereby  induce  double  vision. 

The  conditions  of  tcndencifjs  unfavorable  to  iuljustments  of  the  two  eyes 
in  prfect  accord,  but  which  tendencies  are  successfully  resisted,  are  known 
under  the  general  term  « »f  Hderophorki. 

In  cases  in  which  the  disability  is  still  greater  and  the  visual  lines  are 
actually  not  directed  to  the  same  point  of  regai'd,  there  is  habitual  diplopia^ 
which,  however,  is  not  always  omscjons  diplopia*  Such  eas*s  in  which  the 
visual  lines  do  not  fall  upon  the  same  p<>int  uf  regard  are  included  under 
the  general  term  of  Hrttrotropia  or  Strabismus. 

The  various  conditions  of  e*|uilibrium  or  variation  from  it  may,  then,  be 
arranged  in  the  four  general  classes :  ^ 

1.  Orthophoria  {SpOo^^  right  j  f**p^^,  a  tending),  a  tending  of  the  Hsual 
lines  in  parallelism, 

2.  IltifTophoria  (ir£pft<;^  different),  a  teuding  of  the  visual  lines  in  some 
other  direction,  but  with  ability  to  adjust  them  habitually  for  single  vision. 

3.  Heterotropia  (t/>«;to?,  a  turning),  a  deviation  of  the  visual  lines  from 
parallelism  in  such  manner  thut  they  cannot  habitually  Ix'  united  at  the 
same  point  of  fixation. 

4.  Anoiropia,  Kafofropia ;  or  Aiiophoria,  Katophoria,  Variations 
from  equilibrium  which  may  or  may  not  ix;  Cfinsistent  with  pamllelism 
of  the  visual  lines,  but  in  which  with  the  least  inncrvatitm  of  the  eye- 
muscles  tlie  visual  Unes  of  lx>th  eyes  would  fall  l>t4ow  (katotropia)  or  rise 
above  (anotmpia)  the  most  favorable  plane  for  the  minimum  effort.  Thus 
with  ano-  or  katotropia  there  may  Ix*  assoiriatcd  hetcrnplioria  or  heterotropia. 

Class  I. — (,)ithoplioria,  or  the  conditinn  of  equilibrium,  ret^ognizing  in 
this  connection  the  question  of  anr«troj)ia  (jr  katotropia,  is,  then,  the  ideal 
form  of  adjustment,  and  is  subject  to  no  divisions. 


Class  n.— The   sec<3nd   group  of   conditions,    heterophoria,  may  be 
divide<l  into  the  following  specific  (*onditit>ns : 

1.  EeophonUf  a  tending  of  the  visual  lines  inward. 


1  Sievent ,  Archives  d'OphUlmologie,  November,  1886;  New  York  Medicul  Jounml, 
I>eomber4,  1866. 
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2.  Exophona,  a  trmlijig  of  tlie  visual  lines  outwani. 

3.  Ht/ptrplioria  (right  or  left),  a  tending  of  the  visual  Itne  of  one  i?jp-^ 
(right  or   left)  in  a  direction  above  its  fellow^  constitnting,  as   the 
may  Ije,  right  or  left  byjK^rphoria. 

The  term  does  not  imply  tlmt  the  line  to  which  it  is  referred  is  tc 
high,  but  that  it  tends  higher  than  tlie  other,  without  indicating  wfuVI 
may  be  at  fault/ 

The  eomjK)und  tendeneies  are — 

1.  Htfparmphot'ut  (right  or  left),  a  teudeney  of  one  visual  line  above' 
the  other,  with  a  tendeney  also  of  tlie  linens  inwaitU 

2»  Hi/p€n\rophoria  (right  or  left),  a  tendency  for  one  visual  line  to  rise  j 
above  the  other,  with  a  tendeney  also  outward. 


v^Se^ 


Claas  III, — The  class  Helerotropiia,  in  which,  when  the  visual  line  of 
one  eye  is  fixed  ujK^n  a  given  point  within  the  ordinary  field  of  regaixl,  that 
of  the  other  is  dirwted  to  some  other  point,  may  l>e  divided  into  two  sub- 
classes.    They  ai'e — 

(a)  Deviations  consistent  w^ith  a  ]>hysiologieiil  state  of  the  muscles  andH 
nerves,  as  in  the  ordinary  concomitant  f^^quint.  ^ 

(b)  Deviations  resulting  from  patlujlogical  conditions,  as,  for  example, 
deviations  from  paralysis  or  from  mechanical  causes. 

The  specific  divisions  of  the  sub-class  a  are — 

1.  Edotropici,  a  deviation  of  the  visual  lines  inward* 

2,  Krdmpia^  a  deviation  of  the  visual  lines  outward* 

3.  Hijperiropia  (right  or  left),  a  deviation  of  one  visual  line  above" 
other. 

4,  Hypereaotropia  and  ITt/perexotropia  are  the  compound  deviations, 
The^e  arc  the  conditions  usually  flnind  in  concomitant  squint,     A  large 

prop^nliou  of  the  subjects  of  heterotropia  are  uuconseious  of  seeing  double, 
for,  while  the  plivsiad  phenomenon  of  diplopia  exists,  there  is  a  mental 
suppression  of  the  cf>nsciousness  of  the  anomaly. 

In  heterotropia  one  eye  is,  in  a  large  proportion  of  cases/selected  by  the 
subject  of  tlje  defect  for  habitual  fixation,  while  the  other  is  permitted  to 
deviate.  This  choice  is  usually  raadew^ith  regard  to  the  comparative  fitness 
of  the  eyes  for  easy  vision,  or  with  reference  to  the  wmparati%^e  ease  of 
adjustment  with  respts;t  to  the  depn^^sion  of  the  angle  of  rcgard.  For 
example,  if  one  eye  is  nearly  emmetropic  while  the  other  is  highly  astig- 
matic, the  emmetropic  eye  is  commonly  ustxl  in  fixatiuu.  Also  if  the  visual 
line  of  one  eye  deviates  considerably  above  the  other,  it  is  commonly  more 
difficult  to  adjust  the  eye  whose  visual  line  is  highest  to  objects  below  the 
horizontal  [>lane,  and  conse<iueutly  tbi«  eye  is  the  one  of\en  permitted  to 
deviate,  and  it  fra]uently  turns  not  only  up,  bnt  in  or  out. 


'  Hence  there  can  be  no  pw=^iblc  reason  for  the  intmduction  in  this  relation  of  any  other 
t«rm  to  Hhow  that  one  h  lower  tlmn  the  otht^r. 
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For  somewhat  similar  I'easons  alternating  strabismus  occurs ;  but  in  this 
case  the  refractive  conditions  are  usually  less  unequal,  and  the  muscular 
tensions,  although  unfavorable,  are  more  uniform. 

In  heterotropia  of  the  sub-class  a  the  various  motor  muscles  are  supposed 
to  be  in  a  physiological  condition,  or  nearly  so,  although  in  old  and  extreme 
cases  some  of  the  muscles  of  the  habitually  deviating  eye  lose  their  physi- 
ological characteristics  in  some  measure. 

If,  in  the  cases  where  the  muscles  retain  their  physiological  functions,  the 
eye  habitually  fixed  is  covered  or  rendered  less  serviceable  in  seeing  than 
the  other,  then  the  usually  squinting  eye  assumes  the  function  of  fixation, 
while  the  usually  fixing  eye  deviates. 

In  heterotropia  of  this  sub-class  the  rotations  of  the  two  eyes  in  various 
directions  (except  in  the  old  and  extreme  cases  above  referred  to)  are  nearly 
equal.  Hence  it  is  unnecessary  to  regard  the  anomaly  as  confined  to  one 
eye,  even  if  one  is  habitually  deviating.  The  practice  (almost  universal)  of 
r^arding  one  eye  only  as  the  squinting  eye  results  in  infinite  mischief  in 
the  surgical  treatment  of  strabismus. 

Class  rV. — ^This  class  includes — 

1.  AnotropiUy  Anophoria,  a  deviation  or  a  tendency  to  deviate,  on  the 
part  of  both  visual  lines,  above  the  most  favorable  plane  for  passive 
adjustment. 

2.  Kaiotropia,  Katophoria,  a  corresponding  deviation  or  tendency  to 
deviation  of  both  visual  lines  below  the  most  favorable  plane  for  passive 
adjustment. 

In  the  most  marked  conditions  of  anotropia  or  katotropia,  if  either  eye 
is  in  fixation  the  visual  line  of  the  other  rises  above  the  plane  of  fixation 
(anotropia)  or  sinks  below  that  plane  (katotropia),  and  if  the  second  eye  is 
made  to  fix,  the  visual  line  of  the  former  fixing  eye  will  rise  or  fall  in  the 
same  direction  as  did  the  free  eye  which  is  now  in  fixation.^ 

In  the  large  majority  of  cases  these  deviations  cannot  be  thus  perceived, 
and  the  conditions  can  be  known  only  by  the  comparative  upward  and  down- 
ward rotations  of  the  eyes,  which  can  be  best  determined  by  the  tropometer. 
These  lesser  deviating  tendencies  are  classified  as  anophoria  and  katophoria. 

The  methods  for  determining  the  existence  and  character  of  the  defects 
included  in  these  great  classes  of  anomalies  must  differ  to  a  greater  or  less 
extent  for  each  class.  The  methods  for  each  will  therefore  be  considered 
separately. 

CLASS   II. — HETEROPHORIA. 

As  single  vision  is  in  these  cases  of  heterophoria  the  rule,  and  as  the 
voluntary,  although  unconscious,  effort  serves  to  maintain  the  just  relations 
between  the  lines  of  vision,  the  existence  and  form  of  heterophoria  can  best 
be  ascertained  by  inducing  double  vision. 

»  Stevens,  Trans.  Internat.  Ophthal.  Congress,  1884 ;  Annales  d 'Oculist! que,  June,  1895. 
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If  prisms  of  wrtain  strength  are  employed,  diplopia  may  be  indi 
aod  on  the  tbtN>ry  that  single  vision  Imtig  impossible,  the  volantan^  eff< 
to  adjust  the  eyes  will  Ih^- withdrawn^  it  is  assumed  tliat  the  vii^ual  line? 
take  the  direetion  whieh  would  he  given  by  the  miuimuoi  nervous  i 
acting  njK>n  the  eye-museles* 

This  assumption  is  true  only  in  a  measure,  and  is  often  without 
tion  in  fact,  as  it  is  fretjuently  inipraetieable  for  the  individual  to  permit 
eye-muscles  to  bi*come  entiix^ly  passive* 

Notwithstanding  the  imperfmion  of  tliis  theory,  we  possesw^  no  mel 
of  in%'estigation  in  hetemphoria  so  avaihible  as  the  artificial  induetioD 
diplopia, 

Allit^d  to  this,  but  less  uniform  and  therefore  less  useful,  is  the  method 
of  int hieing  contrasting  images  in  the  two  eyes. 

The  simplest  methoil  of  indueiug  double  images  is  by  the  use  of  aprisin* 
The  principle  governing  the  use  of  prisms  for  detenu ining  heterophoria, 
itot  the  dfJiHtte  mdhod^  is  as  follows  ; 

If  a  prism  of  certam  strength  is  held   Ix^fore  one  eye  with  its 
directly  np  or  down,  double  images  will  result;  and  on  the  theory  of 
passivity  of  the  eye-must^les  under  such  circumstances,  if  there  exists  no' 
tendency  of  the  visual  lines  to  drift  inward  or  outward,  the  images  will 
in  an  exact  vertical  line,  providetl  that  the  object  of  regard  is  removed  to 
suitable  distance  from  the  eyes.     This  distance  should  be  at  least  twei 
Ihit.     No  jud  ajjpaTkdkm  of  (fw  inmvttlar  balance  am  be  arrived  cU  m 
the  accommodation  i^  cotiMiti'rabii/  exercised  or  whiie  convergence  is  requirtd! 

If  in  such  suitably  conducted  experiment  the  images  deviate  fi'om  a  ver- 
tical line,  hcten*phoria  is  assumed,  and  its  manifest  extent  is  measured  by 
prism,  placed  witii  its  base  out  or  in,  which  will  bring  the  images  to  a  v 
tical  line.     If  in  this  exi>eriment  the  image  sceu  by  the  right  eye  should 
drift  to  the  right  side  (h(»mouymuusly),  esi>phnria  would  be  indicated  ;  if  to 
the  left  (heteronymously)^  exophoria  would  l)e  shown. 

Let  us  suppose,  the  head  being  in  tlie  primary  position,  that  a  prism 
of  8"^  is  placed  befiire  the  right  eye  with  its  base  dii-ectly  dowu,  and  tlmt 
diplopia  is  thereby  induced.  The  image  seen  by  the  right  eye  will  in  this 
case  be  above,  that  seen  by  the  left  Inflow.  If  now  the  upjier  image  (that 
of  the  right  eye)  appears  to  tlie  right  of  the  other,  we  have  an  indication  of 
esophoria.  Taking  a  wi^^k  prism  from  the  trial  aisc,  we  may  find  whether 
it  is  sufficient,  wheti  it  is  placed  with  its  base  out  before  the  other  eye  or 
before  the  vertical  prism,  to  bring  the  two  images  to  the  same  vertical  line. 
If  tiK)  weak,  a  stronger  one  may  !>c  ustnl  ;  or  if  the  correction  is  overdone,  a 
weaker  one  may  l)e  tric<l.  The  prism  wliich  neither  leaves  the  upper  image 
still  to  the  right  nor  carries  it  to  the  left  is  the  measure  of  the  mmufist 
esophoria.     On  the  contrary,  had  the  upjjer  image  (that  of  the  right  eye  iu 


'j4 


*  Stevens,    Archives    d^OpbtttlmologlB,    1886;    AnouiHltes   of   the    Ocular    Musclw, 
Archives  of  Ophthalmology,  1887,  No   2,  p.  160. 


THE  BALANCE  OF  THE   EXTRA-OCULAR   UUSCLES. 


176 


I 


this  experiment)  appeared  at  the  left  of  the  other,  the  prism  which,  with  its 
base  10,  should  bring  tlie  images  to  the  vertical  line  would  measure  the 
manifest  exophoria. 

In  like  manner,  if  a  prism  of  sufficient  strength,  with  its  base  directly 
inward,  should  be  placecl  before  one  of  the  eyes,  diplopia  would  again  be 
induced,  and  the  images  on  the  resi3ective  mdus  would  belong  eaeh  to  the 
eye  of  the  same  side  ;  that  is  to  say,  in  this  instance  homonymous  diplopia 
will  have  been  induced. 

If  there  is  perfect  equilibrium  of  the  vertically  acting  muscles,  the 
double  images  will  be  in  the  same  horizontal  plane,  neither  image  being 
higher  than  the  other.  In  case,  however,  the  right  image  should  api)ear 
below  the  other,  a  tending  of  the  right  visual  line  to  rise  above  its  fellow 
(right  hyiwrphoria)  is  indicated  ;  while  should  the  right  image  appear  above, 
left  hyperphoria,  or  a  tending  of  the  left  visual  line  to  rise  above,  is  indi- 
cated, lo  either  case  a  prism  that,  with  its  base  up  ordow^n,  serves  to  make 
the  images  perfectly  horizontal  measures  the  right  or  left  hyperphoria. 

Fio.  4. 


«/«: 


Sterens's  phorometer  with  ruuititig  slide. 


The  method  of  determining  the  manifest  heterophoria  by  tlie  use  of  a 
prism  held  in  the  hand  as  just  described  or  placed  in  a  trial  frnme,  although 
the  simplest  and  most  auivenient  vf  any,  is  subject  to  manifest  and  im- 
portant disadvantages.  It  is  not  easy  for  one  to  know  ivhen  the  head  of 
the  examined  pei'son  is  exactly  in  what  is  known  as  the  primary  }>osition, 


...       ^  -     .     ^  '  correctly  regardln^r  the  position  of  a  prisn 

in  tte  hand  <.r  placed  m  a  tmme.  A  mo^t  inniortoDt  disadvaotag^,  ^^ 
ever,  is  the  tendency  on  the  pait  of  the  eyes  to  neutmlize  tlie  cormnm. 
pri.m  by  makin^^  adjustments  when  the  principal  prism  or  the  «)rra^dn. 
piism  IS  lield  near  the  eyes,^ 

In  iirder  to  avoid  these  sources  of  error  the  phoromeier  was  devnaei' 
By  its  means  t.^st^  giving  the  most  reliable  inforoiation  which  we  unti 
pre^ut  able  to  obtain  in  the  determination  of  hetcrophoria  are  setrured. 

The  improvtvd  phoronieter  has  a  standard  and  an  adjustable  arm  fiir- 
nished  with  a  npirit-level,  ami  a  slide  which  contains  two  qgWb,  in  each  of 
whieli  rritates  a  disk,  each  disk  carrying  a  prism  of  5°,  Each  disk  is  fur- 
ni^lied  with  a  Jxjrder  of  cogs.  A  small  gmr-wheel  placed  Ix-tweeu  the  two 
disks  eommunimtes  the  movement  from  one  disk  to  the  othen 


I 


RitlAtlac  illde  of  phoToiaeter.    (The  outer  *i&lc  herv  -huvi «  t*  ad  loiigi^r  iu  uae.) 

Aromul  ihf*  outer  jmrt  of  the  border  of  each  cell  is  a  narrow  raised 
on  which  is  niarkixl  a  s*ide  of  degrees,  increBsii^  from  the  centre  each 
fr^^m  O'^  to  8^»  the  nmnbers  repnsenting  the  refracting  power  of  prisms  in 
diopters^  the  miiht^Hl  of  notation  which  will  be  used  in  this  article.* 

Tlie  s^nde  repPi'5?ents  a  gn»ater  d<^T«e  tif  accnnicy  and  uniformitv  thau     i 
the  prisms  foinid  in  the  trial  cases  iu  common  u^,  ^| 

The  phor^vmeter,  when  in  ue^,  should  always  be  somewhat  removed  ii^^ 
fVi^nt  of  the  t*y«^     A  distanoe  of  from  four  to  six  inches  permits  of  much 
IVitthini  in  rt^vt  to  the  position  of  the  head,  while  thi^  distance  also  pre- 
VfiU»  in  lai^  metts^ure,  ami  in  most  caaes  entirely,  the  adjustments 
1MHitralijtin|t  lfa«  oomxiioii:^  which  may  be  made  when  the  testing  instrume 
i»  hA\\  near  th^  ( 


pre- 


^  TImm  Jtai4^aal^i«  ^^  %<Mii 


si  ktk^  bj  the  author  in  the 


\  of  mim  diopter,  IX^H 


THE   BALANCE  OF   THE   EXTRA-OCULAB   MUSCLES. 


177 


Directions  for  u»inf]f  the  Phorotudrr  wiik  Rotating  Prhuis. — The  pho- 
Dineter  should  be  so  placed  tliat  the  side  of  the  elide  on  which  the  scales  of 
c^rees  are  seen  should  be  /row  the  |mtient.  The  side  marked  EH  and 
^2/  will  then  lie  before  the  patient  s  right  eve,  and  tliat  market!  ^S,  EX 
>efore  the  left  eye.  The  arm  of  the  in.strnment  is  to  he  brought  to  a  perfect 
Bvel,  as  indieati'd  by  the  spirit-level.  To  determine  hyperphoria^  the  instrii- 
nent  being  adjusted  to  the  height  of  the  patient's  eyes,  and  at  leiLst  four 
nches  in  front  of  them,  bring  the  lever  of  the  prism  slide  to  the  vertical 
K>5ition,  The  pointer  will  then  be  at  0^.  The  patient,  looking  through 
lie  two  glasses  at  an  obje<'t  (a  lighted  eatidle)  placet!  at  a  distiinceof  twenty 
feet  tlireetly  in  front,  sees  double  images  of  the  objeet.'  Should  one  of  the 
mages  appear  higher  tlian  the  other,  the  prisms  ai*e  caused  to  rotate  until 
the  images  are  brought  to  the  same  horizon  till  jilane.  By  making  tlie 
Otation  slowly  it  will  in  many  instanci'S  be  airrietl  farther  tlian  when  the 
lorrection  is  quickly  made,  TIjc  pointer  then  indicates  the  form  and  degree 
£)f  manifest  hy{>erphoria. 

To  examine  for  esophoria  and  exophoria,  bring  the  lever  to  a  horizontal 
losition,  and  then  make  adjustments  until  tlie  images  arc  in  an  exact  ver- 
tical line. 

Instruments  of  less  hulk,  which  <?an  \w  earricnl  about  easily,  in  addition 
o  the  square  prism  which  may  be  held  in  the  hand,  are  stjmetim^ 
BsefuL 

Rod  Test  for  ffderopkoria} — This  consists  of  a  disk  of  the  size  of  trial 
lenses,  w^bieh  holds  in  the  centi'^  a  glass  nxl*  The  effeet  of  this  trtinsparent 
cylinder  is  to  cause  an  apparent  elongation  of  p^^  ^ 

Uie  image  of  a  flame  into  a  thin  line  of  light 
quite  dissimilar  to  the  Hame  itself^  as  seen  at 
Ihe  same  time  witli  the  other  eye,  the  tlieory 
|>eing  that  there  is  a  less  jieremptory  desii'e  to 
iinite  the  two  images,  whose  nJative  pisition 
tlius  approximately  indicates  the  condition  ni 
equilibrium  of  the  two  eyes.  The  line  i^ 
ftlways  at  right  angles  to  the  axis  of  the  rod,  so 
Ihat  to  produc*c^  a  veitital  line,  with  which  to 
lest  horizontal  deviations,  the  rod  is  plaixd 
horizontally,  and  to  produce  a  horizontal  line,  to  test  vertical  deviations,  it 
b  placed  vertically* 

With  this  instrument  correcting  prisms  from  the  trial  case  may  be  used 
18  in  employing  a  simple  diplopia  test  with  a  strong  prism. 

Stevenson  t^eiiopEeie  Letta, — The  purpose  is  also  to  present  contrasting 
to  the  two  eves. 


RcmI  tef*t. 


*  Should  it  biippen  that  the  prisms  are  not  suflicietiUy  strong  to  cause  diplopiai  ft  sup- 
ilero«Dtal  priem  can  be  slipped  l>ehind  the  slide,  with  its  hase  in,  taking  care  that  its  axis 
I  placed  and  remains  horizontal. 

«K  H.  Maddox,  Ophthiihiiic  Review,  May,  1890. 
Vol,  11,-12 
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FlO.  T. 


With  the  lens  the  image  of  the  candle- fiame  twenty  feet  distant,  6eea 

through  the  etenopfeic  opening,  is  i 
large  and  perfectly  defined  disk  of 
dilfimed  lighL 

If  a  convex  lens  is  covered,  exc^i 

at   the  optical    centre,  where  a  small 

-^     ^^^^^^^^^^       opening  acts  as   a  stenopeeic  windor, 

\J       ^^1^^^^  small   opening  aenrcs  the  double 

.     ^^^^  K  parpoee  of  preventing  an  adjtistine&t 

j^^^^^^^       n  ^^  ^^  '^^  ^  ^  prism,  and  of  cutting 

^^^^^^^^^■^L      II  off  the  halo  in  such   a  manner  a^  to 

I^^^^^^^^^Hj     II  give  the  impression  of  an  exact  disk 

^^^^^■^^^V      II  of  light  bordered  by  a  frame.     A  disk 

^^^^^^^r        hM  ^  ^^  ^^^  ^^  ^^^   lenses  of  the  trial 

^^^^^^^         H  case,  perforated  by  an  opening  of  tbt 

required  diameter  and  supplied  with 
a  perfectly  centred  lens  of  13  D  focas, 
is  a  convenient  form.  It  may  be  osed 
with  a  handle  (Fig.  7  B),  enabling  tbe 
patient  to  hold  it  in  bis  own  haml«  or 
it  can  be  placed  in  the  trial  frame. 

In  orthophoria  the  tmtransformed 
image  should  be  found  exactly  in  tbe 
centre  of  the  disk.  In  heteropboria  it  will  tend  towards  or  beyond  tbe 
border.  If  tlie  flame  sinks  below  or  rises  above  the  centre,  while  at  the 
same  time  it  deviates  laterally,  we  thereby  discover  by  a  single  otimpre- 
hensive  view  all  the  elements  of  a  compound  deviating  tendency^  so  far,  at 

fiQ.  a. 


Stenopide  lens  aiKl  htiidle. 


I  oC  etndte  flA»t  ia 


Balitti*  pariaoQ  of  cuidk  Aftme  In 


iMSt^as  that  tendencv  is  manifest.  (Fig.  8.)  In  this  important  respect  the 
^euofwiv  lens  presents  a  feature  Ix^th  unique  and  of  much  sigoifii-anoe. 

The  disadvantages  of  this  in^nuueut  are  those  common  to  evetv  instm- 
ment  held  dose  to  the  eye  when  in  use  in  these  examinations. 

Tbe  theory  that  with  such  contrastiiig  images  the  desire  to  make  adjii 
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ments  with  respcfct  to  the  maculte  is  suppressed  lias  little  foundation  in  fact. 
All  such  tests  must  be  provisional  and  auxiliary^  and  it  mnnot  l>e  said  that 
any  of  the  class  of  instruments  designed  to  be  held  near  the  eye  possesses 
any  markc^d  advantage  over  the  oitlinary  prism,  while  the  prism  has  the 
advantage  of  more  rapid  use.  There  are  other  important  elements  of  error 
in  the  rise  of  all  of  this  cla;3S  of  instruments  for  inducing  eontrasting  images, 
which  nec*d  not  be  discussed  here.  With  these  iustruuients  rudely  approxi- 
mate results  oidy  may  be  reachech  For  determinations  in  which  opemtions 
are  to  follow  it  is  safer  to  trust  to  the  phorometer. 

If  with  the  phorometer  we  could  assume  that  the  condition  of  all  the 
directing  mu  sties  is  in  such  a  state  of  jjassivity  as  to  permit  of  a  registering 
of  the  absolute  heterophoria,  no  further  examination  in  this  respect  would 
be  required.  The  practical  fact  is  that  the  heterophoria  manifest  is  often 
leas  than  tlie  alisolnte.  We  should  tliei'eforc  avail  ourselves  of  all  the 
means  of  arriving  at  a  knowledge  of  the  actual  dynamic  cxjudition  of  the 
eye-muBcles.  We  require  also  cxjnfirming  tests  in  different  ways,  inasmuch 
as  we  may  be  misled  by  any  single  test. 

The  effort  to  unite,  by  the  exertion  of  the  foi*oe  of  the  muscles  rotating 
the  eyes  outward,  images  which  have  been  separated  by  a  prism  with  its 
base  in,  is  known  as  Abdmiton}  The  effort  to  overct>me  diplopia  caused 
by  a  prism  with  its  base  out,  by  exert i<jn  of  the  muscles  whicli  rotate  the 
eyes  in,  is  known  2l&  Adducitoii^  The  ability  to  overcome  a  prism  with  its 
base  down  before  one  eye  is  known  as  SursumductioiK^ 

A  prism  with  its  base*  down  before  one  eye  is  equivalent  in  its  action 
to  a  prism  with  its  base  up  bt^lorc  the  other  eye. 

The  ability  to  unite  images  by  overcoming  the  effect  of  a  prism  with  its 
base  down  lr)efore  the  right  eye  or  its  base  up  l>cforc  the  left  eye  is  known 
as  Riyhl  SursumduciioH.  A  corresinjuding  ability  when  the  prism  is  placed 
with  its  base  down  before  the  left  eye  or  up  before  the  right  eye  is  Lefi 
JSurHumdw'Hon, 

The  standard  of  abduction  (uniting  w^ith  a  prism  with  its  base  to  the 
nose)  adopted  by  myself  many  years  ago  is  8°  (prism).* 

A  prism  of  that  grade  i^huuld  lie  overeome,  ami  images  of  an  object. 
situated  at  not  less  than  twenty  fiect  distant  should  blend.^  Many  years  of 
close  observation  have  confirmed  the  correctness  of  this  standaixl. 

The  ability  to  blend  images  of  an  object  at  a  similar  distance  when 
prisms  with  the  bas<\s  out  are  used  (adduction)  should  l>e  alxmt  50°  (prism), 
but  this  ability  may  L*e  so  greatly  nnHJified  by  practice  that  an  exact  standard 
of  adduction  is  not  to  be  expectetl.     Yet,  should  the  adducting  ability  ftiil 


'  Von  Omefr,  Arcbiv  Mr  Opbthalmjologie,  Bd.  viii.,  2. 

*  Von  iir»ef*^  op.  cit. 

*  Stevciui,  Archives  d'Ophtahnolog^iej  November,  1886. 

*  Op.  cit- 

*  If  abduction  h  tested  nt  a  point  removed  leas  than  twenty  teet,  the  abductioii  should 
be  greater :  «<//.|  £uppo#e  at  fifteen  feet^  the  abduction  ^boulil  bo  about  10° » 
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to  reach  50*^  after  a  reasonable   amount  of  practiee,  it  is  likely  to   be 
deficient. 

The  f?iirsinnduction  aV>ility  h  iti  tlie  majority  of  t-ases  about  2°  (prism), 
but  fi^efioeiitly  in  myojiia  of  high  grade  and  in  SiJnic  exeeptional  eonditiuos 
in  whieli  myopia  dijes  not  exhi  the  surBumduetiQn,  both  right  aud  luft,  may 
reach  9°,  or  even  more. 

Applying  these  priiieiples  to  an  aetiial  examination  of  the  eyes,  then, 
we  learn,  fn^st,  the  reeord  of  the  phorometer*  We  next  apply  the  ta^t  for 
abiliietion,  plaeing  a  pris^m  of  4**  or  5°  with  its  base  nasalward  tefore  one 
eye,  wliik^  tlie  examined  pci-s^in  Uxjks  at  a  bright  jKiint, — €.<7.,  the  flame  of 
a  eaiuUe  twenty  fet^t  distant*  If  the  images  eontinue  united,  we  may  use  a 
stronger  prism.  (The  simple  prism  taken  from  the  trial  case  is  in  eveiy 
way  the  m<jst  i-onvenient  and  satisfactory  means  of  testing  atductlon.)  If 
the  images  sejiarate,  we  rec^uire  the  person  examined  to  use  strenuous  eflbrt 
to  cause  tliem  to  unite.  If  this  is  accomplished,  we  interpose  a  stronger 
prism,  or  use,  in  addition  to  the  one  alrejtdy  placed,  a  weak  one  before  the 
other  eye.  Thus,  step  by  step^  we  ndvanL-e  to  the  highest  prism  that  can  be 
ovei*conie,  which  marks  the  abduction. 

Then  in  similar  manner  the  sursumdnetion  may  be  tested ;  but  between 
testing  iu  one  aud  the  other  direction  for  sursumdnetion  some  minutes  must 
elai>se. 

Last  of  all  tlie  adduction  may  be  tried. 

Let  us  suppckse  that  the  phorometer  has  registered  esophoria  and  exopho- 
ria  and  hyperphoria  0^,  and  that  by  abduction  a  prism  of  8'^  is  overcome  by 
some  effuit ;  also  that  sursumdnetion  right  and  left  are  equal.  These  are 
ideal  tests,  and  indicate  no  manifest  heternphoria.  In  the  majority  of  such 
cases  practical  ortliophoria  may  bc^  tliought  to  exist.  Nevertheless,  even 
these  tests  do  not  prove  the  absence  of  latent  heterophoria,  and  even  witJi 
such  favorable  tests  an  adjustment  al>ove  or  below  the  most  favorable  plane 
may  exist  for  both  eyes. 

Let  us  next  sup|K>se  the  phorometer  to  indicate  esophoria  3°,  hyj>er- 
phoria  0°,  abduction  5°,  and  sursumdnetion  right  aud  left  each  2°.  We 
may  without  hesitiition  assume  that  there  is  a  simple  manifest  tendency  of 
the  visual  lines  inward,  antl  we  may  at  once  hand  to  the  patient  spectacles 
of  1*^  prism,  base  out,  for  each  eye  for  temporarj^  use.  This  is  1°  less  than 
the  manifest  esophoria,  as  it  should  be  in  nearly  every  instance. 

Let  us  make  a  third  supposition.  We  have  est>phoria  0*^,  exophoria  0% 
hyperphoria  0^,  with  aljduction  not  excee<ling  5°.  This  restricted  al>due- 
tion  may  indicate  esophoria  which  by  virtue  of  a  sufficient  effort  the  jiatient 
renders  latent,  or  it  may  represent  tlie  existence  of  a  moderate  element  of 
hyperphoria,  but  more  frequently  it  indicates  a  tendency  on  the  part  of  the 
visual  lines  of  both  eyes  to  rise  above  the  most  favorable  plane  (anophoria), 
or  to  fall  below  it.  It  is  best  to  wait  l>efore  applying  a  temporary  prism 
until  a  second  or  third  examination.  Then,  if  the  tests  continue  as  before, 
and  there  is  no  symmetrical  excess  in  the  rotations  up  or  down,  we  may  use 


THE    BALAJfGK  OF   THE   EXTRA-CK'0I.AR    MUSCLES. 


181 


I 


i 


I 


I 


a  prism  of  1*^,  jM^rmitting  the  (latkvnt  to  use  it  a  day  or  two  continuously* 
If  we  have  to  deal  with  simple  esuphoria,  we  are  likely  to  find  that  the 
tension  of  the  muscles  has  somewhat  relaxed,  and  that  esophoria  in  excess 
of  the  glaas  will  he  shown  by  thephorometer. 

Oij  the  other  hand^  should  the  abduction  be  in  excess,  while  no  exo- 
phoria  is  manifest,  we  may  again  suspect  either  hyperphoria  or  a  tendenej 
of  both  visual  lines  above  or  below  the  best  plane.  We  may,  with  ecpml 
care,  use  a  weak  prism  with  it^  base  in,  when^  if  exophoria  beyond  the  prism 
becomes  manifest,  we  may  follow  as  closely  as,  in  our  judgment,  the  c?ase 
may  demand. 

We  have  greater  difficulty  when  by  the  phorometer  we  find  exophoria 
with  abductiun  cuusidenibly  below  the  standanJ,  or  esophoria  with  exetssive 
abduction.  In  general,  we  shall  find  the  existenee  of  anophoria  or  kato- 
phoria  by  the  troj*ometer,  or  in  the  absence  of  these  we  may  assume  the 
existence  of  latent  hyjKTphoria,  and  [Terse veranee  should  be  ol)served  in  the 
efforts  to  render  it  manifest.  Connections  of  esophoria  or  exophoria  by 
operative  means  should  nut  in  this  class  of  eases  be  attempted  befoi'eall  the 
t66ts  are  brought  into  harmonious  relations. 

It  should  not  be  forgotten  that  the  manifest  heterophoria  is  usually  only 
a  portion  of  tlie  absolute  heterophoria,^  and  that,  in  oi"der  to  i-eveal  more 
appmximately  the  absolute  defect,  rei>eated  examinations  should  he  made 
and  approximate  means  fur  relaxing  the  tensions  of  the  muscles  should  be 
employed.  The  use  of  temporary  prisms  was  adopted  by  me  and  suggested 
Id  the  prof^sh*n  several  years  ago,  and  the  rule  then  announced,  that  such 
prisms  should  be  of  less  graile  than  a  nominal  correction  of  tljt*  known 
defect,  in  order  that  an  appart'Ut  anomaly  be  not  induced  by  the  correcting 
glasst^s,  should  lie  carefully  observed. 

These  temporary  prisms,  which  should  follow  but  should  not  lead  the 
anomaly,  may  he  increasetl  in  strength  from  time  to  time,  as  the  case  may 
require.  For  example,  should  a  patient  manifesting  2°  esophoria  use  a 
prism  of  1^  for  a  day  or  t\\x>,  a  larger  record  of  the  anomaly  is  likely  to  be 
made,  and  the  patient  may  safely  use  a  prism  of  1  *^  for  each  eye,  and  tluis 
an  advance  by  careful  inen-ascfif  the  correcting  glasses  may  be  made.  But 
if  this  methoil  is  pmetiscd  while  an  iraportiint  condition  of  anophoria  or 
katophoria  is  present,  the  resulting  esophoria  or  exophoria  may  l>ethe  mani- 
festation of  the  vertical  tension  only. 

In  the  temporary  correction  of  hyperphoria  the  same  general  principles 
apply. 

Nothing  has  been  said  thus  far  of  testing  at  near  points,  because  tests 
of  the  state  of  the  ocular  muscles  made  at  near  points  have  no  direct  value,' 
It  may,  however,  iu  certiiio  (^ses  be  fotmd  advantageous  to  ascertain  the 
action  at  the  reading  disUmce  as  a  collateral  t<.^t. 

In  the  best  condition  of  etiuilibrium  there  will  generally  appear  exo- 


*  Stereos,  Arcliives  d'Ophtalraologfe,  1886. 
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phoria  in  accommodation  4°  or  5^,  aud  this  should  be  taken  into  account 
in  adjustments  for  glassefi  for  reading  j  for  if  the  exophoria  in  accommo- 
dation as  shown  by  a  prism  is  abolished,  the  patient  h  given  a  practical 
es<L»phoriu. 

This  important  point  in  adjusting  rea<liug  glasses  often  demands  careful 
attention.  By  pursuing  the  following  very  simple  method,  the  comfort  to 
be  obtaineti  from  glasses  designed  for  use  only  at  near  points  may  be 
mater i al ly  i  n v r easal . 

The  proper  ghisses  liaviug  Ijceu  selected,  place  them  in  one  of  the  adjust- 
able trial  fnimes  in  eiHunion  use,  with  the  optical  centres  at  tlie  height  of 
the  pupil.  Then  adjust  the  pliorometer  fiir  exophoria  0^^  and  bring  the 
slide  within  one  or  two  inches  of  the  eyes  of  the  patient.  Hold  a  card,  on 
which  is  a  siiigh_*dut,  or  through  which  is  made  a  small  0]>ening,  in  front  of 
the  instrument  and  at  the  distance  of  oixlinarv  reading.  Now,  by  means  of 
the  screw  of  tlie  adjustable  trial  frame,  bring  the  two  images  of  the  dot  or 
other  mark  to  a  vertical  line.  Measure  the  distance  between  the  optical 
ceutreSj  which  is  the  distance  at  which  the  optical  centres  of  the  pt^rraanent 
glasses  should  stand.  Some  cases  i"eqnire  the  adjnstujcnt  to  be  for  mtlier 
more  than  5°, 

The  power  of  conpergejice  should  also  be  observt^l,  bat  by  itsi.'lf,  as  a 
sejKirate  pheuomenonj,  it  givt^  us  little  imiwrtaut  information.  Indeed, 
insuflBciency  of  convergence  is  not  infrequently  associated  M^ith  a  tendency 
of  the  visual  lines  inward  amounting  to  actual  stpiiut.' 

As  a  good  ct)n verging  ability  may  be  absent,  even  if  there  is  marked 
deviation  of  the  visual  lines  inwaixl,  so  them  may  be  excessive  converging 
power  when  exophoria  of  a  high  degree  is  maniiest. 

The  fact  of  a  deficient  t*on verging  p<.>wer  a>siR'iated  with  e^iophoria  is 
indicative  of  anomalous  tensions  in  the  vertically  acting  mnsc*les,  in  the 
form  eitlier  of  hyiK*rphoria  or  of  an  unfavorable  tendency  of  both  visual  lines 
to  rise  alx)ve  or  fall  below  the  horizoutal  plane  of  the  primary  position. 
This  absence  of  converging  power  should  warn  tlie  surgei^n  against  the 
assumption  that  he  is  dealing  with  a  simple  case  of  esophoria.  Similar 
caution  shoukl  be  obst^rved  in  cases  of  excessive  convergence  associated  with 
a  high  degret^  of  exophoria. 

Oi>servation  of  the  movement  of  an  eye  as  it  passes  from  exclusion  to 
fixation  may  alsi^affoixl  information  of  impoiiance.  ThismctlnKl  of  oljser- 
vation  is  a  useful  one,  which  will  not  be  dis<-"ussecJ  in  this  place.  It  wmU  be 
described  later, 

CLASS   III. — HETEROTROPIA, 

Turning  fmm  those  conditions  of  the  eye-muscles  in  w^liich  binocular 
vision  is  not  only  possible  but  habitual,  to  tho.se  cases  not  i>athological  (sulj- 
class  a)  in  which  diplopia  (conscious  or  unc*.inscious)  is  the  habitual  and  single 
vision  the  exceptional  condition,  even  if  the  latter  is  ever  po^ible,  we  find 
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occasion  to  vary  our  tests.  Id  a  large  pro|X)rtion  of  the  cases  of  this  class 
we  are  forced  to  accept,  tentatively,  for  certain  classes  of  tests  rude  approxi- 
mations to  the  truth.  Too  little  attention  to  such  examinations  as  t^iu  be 
made  in  fiett^rutropia  leuds  to  nnfbitmiate  results  in  the  oixn-ative  treiitnieut. 
Xo  really  valuable  success  in  tlic  attempt  to  establish  biuwular  vision  in 
teases  of  squint,  by  operation  or  otlierwist',  can  Ije  attained  without  an 
aetiuaintanee  with  the  details  of  the  relative  tensions  of  the  various  eye- 
muscles.^  To  this  end  a  knowledge  of  the  relative  positions  of  the  images 
of  the  two  eyes  is  esst^ntial.^ 

The  determination  of  tliese  pasitions  is  rarely  eiisVj  and  is  often  ex- 
tremely difficult.  In  many  eases  of  stmbismus  the  patient  is  at  first  un- 
oanvineed  of  the  fact  of  his  diplopia,  and  in  such  cases  the  patience  and 
skill  of  the  surgeon  are  put  to  the  test. 

In  arranging  tlie  diseiissiun  of  the  means  of  determining  the  character 
and  extent  of  heterotropia,  the  cases  may  l>e  conveniently  grouped  according 
to  tlie  ecirnparative  ease  with  whii-h  tlie  examination  may  be  made. 

In  plivi^iological  helerotrupia  of  slight  extent^  and  in  cases  in  which 
double  images  are  recognizwl  without  nuieli  difficulty,  we  may  proceed  in 
much  the  same  way  as  in  heterophoria.  In  many  cuses  it  becomes  necessary 
to  give  to  the  images  of  the  two  eyes  contrasting  colors,  which  is  best  done 
by  placing  a  red  glass  before  one  eye,  usually  the  Ix-st  seeing  eye.  If  the 
[latient  with  this  contrast  recognizes  the  two  images  {e,g,f  the  flame  of  a 
candle  at  twenty  feet),  we  may  learn  their  relative  jKJsitions. 

1.  If  they  are  not  in  the  same  horizontal  ]>lanej  we  employ  prisms 
from  the  trial  case  to  bring  them  to  such  a  plane,  placing  the  prism  or  prisms 
with  tlie  bases  up  or  di)wn,  as  may  be  re<^juiredj  to  effect  this  |>nrpose.  If 
the  image  seen  by  the  left  eye  is  higher  than  that  seen  by  the  riglit,  there  is 
right  hyperiropia  measured  by  the  prism  that  brings  the  images  to  the  same 
level.     In  left  hypertrojna  the  right  eye  image  appears  above. 

2.  If  the  images  are  seen  seiwimted  in  the  latend  direction,  we  learn 
whether  the  images  are  homonymous  (esotropia)  or  !ieteronymous  (exo- 
tropia),  and  in  either  case  we  ascertain  the  strength  of  the  prism  required 
to  bring  thera  together,  or,  if  they  are  not  in  the  same  horizontal  plane,  to 
the  same  vertical  line.  In  many  cases  of  low  degree  of  heterotropia  the 
phororaeter  (with,  [lerhaf^,  the  aid  of  a  colored  glass)  will  best  serve  in 
making  the  determinaticms. 

In  the  trials  above  descril>ed,  the  prisms  which  served  to  unite  images 
and  thus  correct  the  heterotropia  do  not  necessarily  indicate  the  absolute 
tensions  which  induce  the  deviations.  Indec*d,  they  may  come  far  short  of 
it.  The  phoronietric  measurement  will,  however,  most  nearly  approximate 
to  the  actual  condition. 

*  Stevens »  Archives  of  Opbthftlmolo|^,  1889. 

•  It  canuot  be  ton  strnTjsrly  impresseci  upon  the  mind  of  tlie  student  of  thia  subject  that 
meafiuring  squmt  by  scnciilkHi  stmlxiuietera  must  be  ubanduned  by  one  who  propoAoa  to 
operate  for  aquiDt  with  the  view  to  ultimate  good  binocular  Tition. 
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In  a  i^eeiiiiil  group  of  cases  greater  difficulties  are  eiicoimtered.  The 
image  of  one  eye  has  been  so  long  mentally  suppressed  that  the  patient 

reji'cts  the  idea  of  diplopia.  The  difficuUy  is  in  sotue  measure  removed  if 
the  examination  is  cm  inducted  in  a  roam  dark  except  tor  the  liglit  of  a  candle 
at  the  farther  side  from  the  patient.  By  repeated  changings  of  the  relative 
poHitiuns  of  the  two  images,  such  iia  may  Ik?  iuductJ  by  placing  a  strong 
prism  in  various  diret^tions,  at  the  same  time  instructing  the  jiatient  wheu 
antl  how  to  diret^t  attention  in  the  search  for  the  scnxind  image,  sutx^ess  may 
crown  tlic  efrorts,  }>erliaps,  after  many  days.  The  patient  may  in  certain 
cases  be  aided  in  his  search  if  an  assumed  partial  correction  by  prisms  of 
pretty  high  grade  is  j)ermittecl  to  remaiu  in  tlic  trial  frames  while  the  elianges 
arc  made  by  a  free  prism. 

An  approximate  estimate  of  the  deviations  and  their  directions  may  be 
made  by  the  examination  of  the  det^kiiiofis  in  exdusioju 

In  the  examination  of  the  deviations  in  exclusion  we  find  two  elements, 
— the  first  being  tlie  movement  which  can  be  observed  by  tlie  examiner  as 
the  patient  brings  one  or  other  eye  from  exclusion  to  fixation,  the  otiier 
the  lesser  movement,  w^hich  the  examiner  cannot  |>eroeive,  but  whicli  may 
Ix*  rL'<'Ognii&ed  by  tlie  jmtient  in  the  slight  apiwircnt  movement  of  the  object 
lcMfkt?d  at  as  the  small  scrt^en  (t\9.,  a  small  visiting-card)  is  passed  from 
in  front  of  one  eye  to  in  front  of  tlie  other.  This  little  movement  of  the 
object  as  obsc^rved  by  the  patient  has  Ix'cn  callwl  by  Dr.  Alexander  Duane 
the  |)andlax  test.  The  examiner  should  observe  the  movement  of  the  eye 
as  it  changes  from  exclusion  to  fixation,  and  nentndize  the  movement  with 
prisms  so  long  as  it  can  be  observed  by  himself.  The  observation  of  the 
patit^nt  is  then  Ijrought  to  l>ear,  and  strcmger  prisms  are,  if  necessary,  used 
until  the  |>ati(*nt  can  detect  no  further  movement  in  the  original  direction. 
A  movement  in  the  opposite  direction  indicates  an  over-correction. 

Tlie  extent  of  movement  ascertainetl  l>y  the  observation  of  the  examiner 
and  by  that  of  tlie  one  examined  may  be  reconled  under  the  term  Deviation 
in  hxcffiHitm. 

In  a  gn'at  proportion  of  cases  of  heterotropia  this  deviation  is  com- 
ponnd«  niul  the  different  elements  of  the  deviation  should  be  carefully 
OHlimalcd. 

li  nut  infrf<|ni'ntly  occurs  that  each  of  the  eyes  may  be  seen  to  deviate 
up  bi'hiud  the  Hi-ixmi  while  the  other  is  in  fixation  (anotropia),  or  down  in 
hl<c  f  irriMUHlnnt*<>i(katotropia).  In  such  cases  a  prism  befotx^  a  single  eye 
r{<MtH  nut  iirnrraliz*^  the  movements,  but  symmetrical  prisms  before  both  eyes 
may  du  S4>. 

The  positionrt  of  the  double  images  in  cases  of  considerable  deviation 
artT  HometimeH  misleading.  It  may  happen  that  crossed  diplopia  isnliserved 
while  iliere  in  n»arktd  ainvergent  squint,  and  homonymous  diplopia  when 
the  <'yeK  as  r'videiUly  tarn  outward.  In  such  cases  grt^at  caution  shouki  be 
observed  in  ix-siRrt  Uj  ojK-i-ative  correction,  for,  although  it  may  not  be  easy 
to  demonstrate,  there  is  presumably  a  vertical  deviation  as  well  as  a  lateral 
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one.*  lodwd,  such  a  vertical  deviation  should  always,  when  incongruities 
of  this  kind  present  theraselves,  be  assumed  to  exist. 

It  may  therefore  l)e  advisable  that  ojiemtive  corrections  be  made  for 
nineii  less  than  the  apparent  deviation,  thus  bringing'  the  visual  lines  into 
closer  relations,  when  the  ai^tuul  deviations  can  be  better  studied  before  (iro- 
ceeding  to  tlie  final  cori-ectioUB.  If,  however,  them  is  an  important  defect 
in  the  rotations  in  the  latend  or  in  the  vertical  direction,  as  shown  by  the 
trop«jmeter,  such  defect  should  receive  the  first  attention. 

A  third  group  witliin  this  class  piTsents  still  greater  difficulties.  In  the 
cases  of  this  group  one  eye  has  l^ecome  so  completely  amblyopic  that  tlie 
patient  either  fails  to  reet»gnize  the  existence  of  such  an  object  as  a  candle- 
flame  by  the  use  of  that  eye,  or  if,  after  some  search,  he  is  able  to  discover 
it,  it  is  located  lar  to  one  side  of  the  field  of  regard,  and  he  is  absolutely 
unable  to  hxtate  the  position  of  tlie  object  in  space.  Here,  again,  partial 
operative  correeticm  may  Ije  made  of  the  a|>pareut  strabismus,  careful 
tropometric  measurements  being  taken  into  consideration,  and  then  time 
allowed  for  the  jiatient  to  h^arn  to  recognize  the  true  position  of  the 
object.  In  most  instances,  if  reasonable  attention  has  been  given  to  the 
indications  of  the  tropometer  in  making  these  tentative  corrections,  a  few 
months  serve  to  enable  him  to  do  this,  but  in  exceptional  cases  the  ability 
to  locate  by  the  amblyopic  eye  remains  w^anting  after  many  months. 


CLASS   IV* — ANOTHOPIA,    KATOTROPL4. 

From  what  hiis  already  lieen  said,  it  will  appear  tliat  many  cases  of 
esotropia  and  exotropia,  eso[ihoria  and  exophoria,  depend  upon  the  unfavor- 
able tensions  of  the  vertically  acting  muscles,  and  the  rotations  of  the  eyes 
in  the  vertical  directions  should  be  studietl  in  interpreting  the  deviations 
and  tendencies  in  or  out. 

The  eyes  should  rotate  upward  at  least  33^  (of  arc)  and  dow^nward  at 
least  oO*^»  (In  old  age  thest^  rotations  are  lessened,)  The  nasal  and 
temporal  rotations  should  be  each  from  48*^  to  5i}^.  An  excess  of  33^ 
apward  or  of  50*^  downward  should  be  regarded  as  anomalous.  If  in  a 
case  of  wnverging  or  of  diverging  strabismus  the  temporal  and  nasal 
rotations  do  not  givatly  vary  from  the  normal,  care  slundd  be  observed 
in  regard  to  ojx*rations  on  the  intemi  or  cxterni»  inasmuch  as  extreme 
caeea  of  squint  often  arise  largely,  or  even  entirely,  from  vertical  tensions. 

The  tropometer  is  designed  to  measure  tlie  rotations  of  the  eye  in  all 
directions,^  It  consists  of  a  telescope  in  wliicii  an  aerial  image  of  the  cornea 
18  formed  near  the  eye-piece,  A  scale,  graduated  to  measure  the  rotations 
of  the  eye  in  all  diret^tions,  is  placed  at  the  point  where  the  image  is 
formed. 

The  8cale  of  the  tropometer  is  represented  in  Fig,  10.     After  placing 

'  Stevens,  Archives  of  Ophthalmttlogy,  1889,  p,  329. 
'  Annftlefl  d'Oculietique,  July,  180&. 


line  a  or  h,  while  tbe  observed  eye  looks  directly  at  a  spot  at  the  centre  of 
the  ol»ieot-i:hi.s8.  The  |>erson  examined  is  then  dtreetal  to  rotate  the  eye  in 
the  given  direction  t**  the  greatest  possible  extent,  while  the  head  is  kept 
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rictlj  immovable.     The  rotation  of  the  eye,  as  indicated  by  the  change  of 
iition  of  the  border  of  the  cornea,  is  shown  at  c, 

EXAMINATIONS   OP   PARALYSIS   OF   THE  OCULAR   MUSCLES. 
(HETBROTKOPtAf  8UB-CLA8S  h.] 

The  diagnosis  of  paralysis  and  the  determination  of  the  muscle  specially 
iffected  may  l:>e  made  by  observation  of  (a)  the  rotating  ability  in  various 
lirections,  and  of  (A)  the  diplopia  which  usually  results  when  the  eyes  are 
rned  in  certain  directions. 
Double  vision  is  the  phenomenon  whicli  generally  calls  attention  to  the 
existence  of  pamlysis,  and  it  is  through  the  j>et'uliarities  in  the  manifestation 
>f  this  phenomenon  that  the  most  valuable  data  for  the  localization  of  the 
iffection  are  obtained. 

In   a  small   proportion  of  cases,  notably  those  wbiehj  originating  in 

infancy,  have  been  of  long  stunding,  double  images  are  mentally  suppressed, 

[In  the  great  majority  of  cases,  however,  the  double  images,  the  false  pro- 

jet5tioo,  and  the  frequently  accompanying  vertigo,  all  of  sudden  a*x"ession, 

I  compel  a  reiHjguition  of  the  anomalous  condition. 

The  fact  of  the  existence  of  paralysis  of  one  or  more  muscles  having 

'  been  ascertained,  we  may  in  many  instances,  by  a  careful  examination  of  the 

rotations  of  each  eye,  by  geneml   inspection^  and  by  tr4>pometric  measure- 

Iments,  determine  not  only  to  which  eye  the  affected  muscle  belongs,  but  the 

muscle  or  muscles  which  ai"e  at  fault.     For  example,  should  it  l>e  found 

that  double  vision  in  t!ie  horizontal  plane  on  looking  to  one  side  has  Ixtm 

[developed  (binocndar  vision  having  previously  existed),  and  that  the  tem- 

\  p<iral   rotation  of  the  right  eye  is  much   restrict tvl  while  that  of  the  left  is 

I  free,  we  may  assume  that  the  external  rectus  muscle  of  the  eye  with  the 

I  restricted  rotation  is  tite  affected  one. 

It  is  not  always  so  easy  to  determine  the  restrictions  of  rotation,  csj>e- 
icially  when  the  paralysis  is  quite  incomplete,  or  when  the  oblique  muscles 
[are  the  seat  of  the  affk'tion. 

In  examining  the  rotation  the  examiner  may  hold  an  object — for  example, 
a  pencil — Ijefore  the  eyes  of  the  {>aticnt,  ami  dii"ect  him  to  follow  with  his 
eye&  all  its  movements  while  the  head  reniaius  immovalile.  Still  better, 
he  may  arrive  at  correct  results  by  the  use  of  the  tropometer.  If  there 
is  marked  restriction  in  either  of  tlic  latcnil  or  i^f  tlie  vertical  movements, 
the  observer  carefully  comjuires  the  rotation  in  this  respect  vith  that  of  the 
opposite  eye  and  with  what  should  be  the  normal  extent  of  the  movement 

■  in  question. 

B        In  marked  paralysis  of  any  single  rectus  muscle  this  examination  is 
■sufficient  to  enable  the  examiner  to  locate  the  affected  muscle. 

■  In  more  ol:)Scure  cases  the  determination  of  the  disabletl  muscle  ib  made 
by  the  relative  positions  of  and  the  variation  of  the  distances  between  the 
double  images  as  tlie  gaze*  is  directed  t4»wanls  diflcreut  ^Kiints. 

The  image  lying  farthest  in  the  direction  in  which  the  separation  is 
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greatest  always  belongs  to  the  affected  eye.    The  farther  the  gaze  is  turned  in 

the  direction  of  the  affected  nitisc^le  the  farther  apart  the  images  will  appear. 
Let  us,  for  example,  suppose  a  paralysis  of  the  internal  rectus  of  the 
right  eye.  If  tlie  gaze  is  turiial  ti^wards  the  right,  there  will  be  no  diplopia ; 
but  if  direeteil  towank  the  left,  towai'ds  theatlected  muscle,  diplopia  atoDce 
occurs,  and  iocreajses  in  proportion  to  the  extent  of  the  turniog.  In  tliis 
ease  the  right-eye  image  jiiL^^ses  to  the  left,  while  the  leftH?ye  image  is  seen^J 
at  the  right.  Bearing  in  mind  these  two  rulers, — ^iirstj  the  r<jtatiou  is  restricted  ^B 
in  the  direction  of  the  affected  muscle,  and,  second,  diplopia  increases  in  the 
direction  of  the  action  of  that  mus^-'le, — we  can  without  difficulty,  by  means 
of  the  following  scheme,  locnte  the  paralyzed  or  paretic  muscle  in  cases  of 
affection  of  a  single  muscle. 

OENEBAL  SCHEME  OF  DIPLOPIA  IN  PARALYSIS  OF  THE  OCULAR  MUSCLES.' 

Diplopia  caiiMerl  by  later di  rotcdiofis  in  the  median  plane. 
Images  homonymous,  paralysis  of  theexternua  of  the  eye  towarda  which 

the  rotations  cause  the  greatest  separation  of  the  images. 

Images  crossed,  paralysis  of  the  interuus  of  the  eye  towards  which  the 

rotations  cause  the  least  separation. 

Diplopia  induGed  by  vetiioal  rofaiions  oAow  the  niedian  plane. 
The  higher  image  belongs  to  the  aflected  eye. 
Images  homonymous,  paralysis  of  the  inferior  oblique  of  that  eye. 
Images  crossed,  pamlysis  of  the  superior  rectus  of  that  eye. 

Diplopia  induct  by  veriical  rotaJtion»  below  the  median  jjlane. 
The  lower  image  belongs  to  the  affected  eye. 
Images  homonymous,  paralysis  of  the  superior  oblique. 
Images  crossetl,  paralysis  of  the  inferior  rectus. 

Coexisting  exophoria  of  sufficient  degree  may  cause  the  images  in  paral- 
ysis of  the  obliques  to  Ijccome  crossed ;  and  esophoria,  in  like  maimer, 
may  cause  the  images  in  paralysis  of  the  superior  and  inferior  recti  to 
become  homonymous.  In  sucli  case  diagnosis  may  be  aided  by  the  tilting 
of  the  images.  If  the  tilting  of  the  upper  end  of  one  image  inward  in- 
creases with  the  rotation  alxive  or  below  the  nudian  plane,  paralysis  of^H 
tJie  rectus  muscle  is  soggesteib  If  tlie  tilting  of  the  npper  end  outward ^^ 
increases  witli  the  rotation  above  or  below  the  median  plane,  paralysis  of 
one  of  tlie  obliques  is  suggested. 

Examinations  of  the  extt^nt  of  diplopia  in  pamlysis  may  be  roughly 
estimated  by  the  perimeter.  Those  descrilxxl  in  some  of  the  text-books 
scarcely  serve  to  indicate  the  rotations  of  the  visual  lines.  A  method 
described  by  the  autlior  ^  Is  more  satisfactory,  but  evcu  this  gives  only  a 
vague  idea  of  the  real  condition. 


*  Stevenfi,  Ophthalmie  Record^  July,  IBM, 

•  Proceedings  of  Ihe  Intemntiotial  MedicMil  Congress,  Wftahington,  18S7. 


PERIMETRY  AND  ITS  CLINICAL  VALUE. 


BY   HERMAN   WILBKAND,  M.D., 
Ophthalmic  Surgeon  to  the  Geoersd  Hospilnl  of  Hamburg,  Hamburg,  Germany. 


TRAHflLATBD 


M  BT  THOMAS   R.  POO  LEY,  M,D., 

Fonnerlj  Profossor  of  Ophthalmology  in  the  New  York  Polydinic;  Surgeon  to  the  New 
Amsterdam  Eye  Qod  Ear  Hospitult  New  York  City^  New  York,  U.S.A. 


Fm.  1. 


GENERAL  PART, 

By  the  field  of  vision  we  iiiiderstaiul  that  part  of  Sjiace  which  18 
simultaneously  jierceptible  to  an  eye  during  sustained  central  fixation. 
That  angle  which  two  visual  linoi?  drawn  to  tlic  terminal  points  of  an 
ohetrved  objeti  fonn  together  is  known  as  the  visual  angle.  If  aU  the 
cones  lying  along  the  iK^iphery  of  the  retina  {ab  and  ed,  Fig.  1)  he  drawn 
outward  into  space,  they  will  cnibrare  a  ixme  (Fig.  1) 
whose  apex  lies  in  the  mxlal  point  of  tljo  eye.  The 
base  of  this  cone,  g'g'  or  h*k\  rei>resent8  a  field  of 
vision  projec*tcd  either  upon  a  fiat  surface,  gg,  or 
upon  a  hollow  sphere,  hL  The  fixation-point  F 
lies  in  the  visual  field  at  the  point  wheix'  the 
baae  of  the  cone  is  cut  by  its  axis.  If  the  dis- 
tance along  the  visual  axis  mk  be  increased,  the 
base  of  the  cone,  and,  consequently,  tlie  visual 
field,  will  increase  in  c^^ual  extent  until  at  an 
infinite  distance  it  will  becc»me  infinitely  large. 
Clinically  it  is  host  to  obtain  the  field  of  vision 
upon  a  graduated  blackboard  placed  at  a  fixed  distance  from  the  eye,  or 
upon  a  gniduated  hollow  sphere  known  as  a  perimeter.  Along  the  separate 
meridians  of  tbc  black lx>ard  gg  or  the  hollow  sphere  hh  a  white  or  colored 
object  of  a  fixed  area  is  to  be  moved  towaixls  the  fixation-point  F^  which 
li€s  in  the  centre  of  the  graduations,  and  the  {joints  at  which  the  object 
is  first  perceived  in  the  periphery  of  the  meridian  are  then  to  lie  noted. 
Tiie  results  are  entere*!  upon  a  diagram  (Fig,  2)  representing  the  various 
graduations. 

In  order  to  be  able  to  draw  proper  conclusions  fijr  the  comparison 
between  fields  of  vision  found  in  patliological  conditions,  it  is  necessary  to 
establish  an  average  form  and  extent  of  a  normal  field  of  vision  in  the 
healthy  emmetropic  eye.     Since  io  the  cortex,  in  the  region  of  the  ealca- 
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rine  fisgure  upc»n  each  li€'i»iis}ihere,  the  stimuli  conveyeil  from  the  retina 
become  trani*lorme<l  intt)  their  physir-iil  txjrrehitive,  light-iXTt^eptionj  and 
since  certain  area^  of  these  eortieal  siprlit-eentres,  as  well  as  certain  groups 
of  fibres  of  the  omthietive  appamtiis,  f^tand  in  timetional  relations  to  cer- 
tain parts  of  the  retina,  it  folio wir  that  all  legions  which  affect  the  long 
path  from  the  mtina  ta  the  ganglion -eel Is  of  the  cortex,  the  fibres  of  con- 
duction,  the  primary  centi'es^  ami  the  eortical  centres  of  vision  cause  a 
dt^ficiency  r>f  the  sensation  in  thnse  parts  of  the  field  of  vision  which  stand 
in  direct  anatomiml  connection  with  the  di^ased  portions  of  the  apjiaratus. 
Again,  as  the  measurement  of  the  visual  field  and  the  iTgistration  of  the 
obtained  rt^nlts  in  fixed  diagrams  have  made  it  pjssible  to  represent 
graphically  the  intensity  and  extent  of  existing  visual  disturbances  and 
to  compare  these  pictures  with  one  another,  it  (mn  be  [proved  that  certain 
defects  in  the  field  of  visit ►n  correspond  with  wrtain  disease- pTOcesses, 
Moreover,  a  more  precise  diagnosis  has  bt^n  rciidcretl  jxissihle  by  this 
method  in  lesions  of  those  {larts  of  the  optic  tract  in  which  the  ophthalmo- 
scope cannot  afford  any  assistance.  Perimetry  has  obtained  a  still  greater 
diagnostic  importance,  since  careful  study  of  the  results  of  mieroswpical 
examioatton,  with  exact  sketches  of  the  field  of  vision,  has  widened  our 
knowledge  alxjut  the  partial  course  of  the  fibres  in  the  optic  tracts,  and 
seems  about  to  fix  the  distinguishing  symptoms  under  which  neuritis, 
primary  atrophy,  and  purely  functional  disturbanc^es  make  tlieir  appear- 
ance in  the  visual  field,  as  well  sis  w^ith  regard  to  tlieir  prognosis  and 
treatment. 

In  every  case,  however,  the  method  is  of  diagnostic  value  only  w^hen 
central  visual  acuity,  light-sense,  and  the  ophthalmoscopic  appearances 
have  been  determin^Kl, 

As  visual  aicuity  is  greatest  in  the  fovea  centralis,  and  as  in  the 
normal  eye  the  ball  is  placed  in  such  a  way  that  the  image  of  an  object 
is  projected  u]x>n  the  macula  lutea,  it  seems  natural  that  this  j>oint  should 
be  considered  as  the  centre  of  the  field  of  vision.  The  measurements  of 
the  field  of  vision  in  normal  eyes  have  proved  that  the  limits  of  the 
visual  field  are  not  situate<l  at  the  ^ime  distance  from  this  point  of  fixa- 
tion in  every  meridian,  but  that  the  Ixjundaries  rcprest^nt  a  rather  irregu- 
larly shaped  horizontal  oval.  (Set^  Fig.  2.)  This  form  dejK'uds  chiefly 
upon  the  extension  of  the  anterior  parts  of  the  retina,  the  retina  t^xtending 
farther  forward  on  the  nasal  side  than  on  the  lemporal,  ami  therefore,  upon 
at^Niunt  of  reversed  priijection,  the  field  of  vision  must  have  a  greater 
extent  outward.     (See  Fig.  2.) 

Still  another  series  of  cireunistanees  influence  the  normal  extent  of 
the  field  of  vision.  Foremost  are  the  bones  which  surround  the  edge  of 
the  socket,  and  the  sof4  parts  which  wver  them ;  the  bridge  of  the  nose, 
which  limits  the  extent  of  the  visual  field  inward  ;  the  tip  of  the  nose, 
which  contra*"ts  it  inwaixl  and  downward  ;  and  the  cheek,  moustache,  and 
lips,  which  limit  it  dow^nwaRl.     The  width  of  tlie  lid-opening,  the  narrow- 
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Mii  of  the  pupil,  and  the  [x^^ition  of  the  pupil  plane  also  lessen  it.     In 
Ul0  biuiK*ular  field  of  vbioo  a  part  of  tliese  limiting  factors  is  mksiiig. 

The  wider  the  inipil  the  greater  l^eeomes  the  extent  of  the  field,  because 
IHV8  of  light  can  then  strike  the  more  anterior  parts  of  the  retina.  If,  for 
'example,  as  during  aecommrKlationt  the  plane  of  the  pnpil  advaot^es,  or  if 
the  depth  of  the  anterior  chamber  is  diminished,  as  in  hypermetropia, 
vinuul  linos  placed  through  the  margin  of  the  pupil  and  the  ncKlal  ptnnt 
will  bt*  able  to  I'eaeh  further  forwaixl  than  when  the  anterior  chamber  is 
dcH^iHir,  as  in  myopia.  The  field  of  vision  is  also  diminished  by  the 
hmgtT  o]>tic  axis  of  myopia,  Ijecausc  the  |>eri]Thend  parts  of  the  retina 
tlnvn  lie  at  a  greater  distance  from  tlie  plane  of  tlie  pupil.  The  ooutrary  is 
the  case  in  the  shorter  optic  axis  of  hypermetropia. 

A  jmrt  oi'  tht^e  factors  may  be  easily  remo%*ed  by  raising  the  lids  and 
eyebrtjws,  by  turning  the  head  in  the  direction  of  the  nose,  and  by  tlirow- 
ing  the  lieiid  slightly  backwai'd.  The  distnrbing  elements  of  myopia  may 
Im^  avoided  by  the  use  of  concave  glasses,  and  lack  of  accommodation 
OVertHune  by  corres|K>nding  ciinvex  glasses. 

Them  mv  tiircMi  methods  of  obtaining  the  field  of  vision.  The  easiest, 
but  the  most  primitive,  is  to  determine  the  field  by  tlie  hand.  The  second 
]n  tH  <ibtain  it  by  a  graduated  blackl>oard.  The  third,  which  is  the  best 
and  most  scientific,  is  to  enn*loy  the  perimeter. 

In  the  first,  the  patient  is  placed  with  his  back  towards  a  window,  at 
abtiut  one  to  two  fei^t  from  the  examiner,  who  brings  his  own  eyes  to  the 
?^ain(*  Insight  as  the  paticnt*s.  When  the  right  field  is  to  be  examined,  the 
pnticnt  is  to  Ix^  directed  to  look  constantly  with  his  right  eye  into  the 
examiner's  left.  He  is  then  to  l>e  asked  whether  he  j>erceives  the  different 
inovcinents  of  the  examiner's  hands  by  indire*}t  vision.  At  the  same 
time  the  ( xaminer  controls  the  fixation  of  the  patients  eye  with  his  own 
eye.  To  render  the  examination  more  ])reeisej  white  and  colored  squares 
of  paper  of  a  fixed  size  may  be  employed  instead  of  the  hand.  This  rough 
nii'thod  nf  examination  may  in  many  eases  give  distinct  hinta  whether 
I  here  luv  defi'cts  in  certain  directions,  or  wliether  there  is  concentric  oon- 
I ruction.  111  defined  scotomata  and  small  defects  remain  undis*?overecl  by 
this  procedure,  and  it  is  impossible  awurately  to  re]iresent  them  upon  a 
dijigraiu. 

In  8«>me  forms  of  hemianopsia  in  patients  who  are  in  a  semi-c*on scions 
wtate,  in  individuals  witli  sensory  aphasia,  and  in  cases  of  weakness  of 
ndiid,  as  paralytics  and  certain  apopk'cties  who  cannot  be  examinetl  by  the 
perimeter,  we  may  make  use  of  the  so-ndlcd  winking  m^flex  for  the  deter- 
mination of  the  defective  part  of  the  visual  field*  To  do  this  a  liglit  is 
tti  lie  appnmchetl  from  one  side  into  the  field  of  vision,  but  not  so  near  as 
Ut  iHsrmit  any  heat-reflex,  and  notice  taken  wdiether  tliere  is  any  reflex 
dosnre  t>f  the  lids.  In  the  first  type  of  cases  the  half  of  the  field  of 
virtidu  within  which  this  reflex  is  wanting  corresponds  to  the  opjK>s;te 
i>r  t\mctioning  part  of  the  retina.     Since  in  somnolent  patients  the  eyes 
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aerally  remaiD  at  rest,  it  is  not  nece^isarv  io  such  instances  to  provide 

>r  fixation.     For  this  method  the  wire  of  an  electric  l>attery  which  can 

euddcnly  brought  to  a  glow  in  a  dimly  lighted  ap;irtnieiit  is  the  lx*st 

>rm  of  apparatus  for  the  procedure.     In  oixler  to  obtain  proper  fixation 

children  or  some  adults  witli  sensory  aphasia,  an  assistant  can  hold  a 

)rilliant  object  one-lialf  a  metre's  distJince  io  front  of  the  eye.     By  this 

leans  the  attention  of  tlje  patient  is  caught.     A  |x^ripheral  light  m  then 

_inuved  from  difrerent  dirwtions  towards  tlie  object  of  fixationj  and  obser- 

ration  made  as  to  when  the  attention  of  the  patient  is  diverted  from  the 

cation-light  to  the  saxind   light.      By  fretpieutly  rej>eatcd  examinatioDB 

if  this  kind  a  ckar  idea  alxmt  tlie  existence  of  defects  can  be  obtained. 

lU  noise  must  be  avoided,  and  it  Is  a  good  plan  to  have  a  dark  cloth  lield 

efore  the  patient. 

Large  s^juares  of  w^hite  and  e^jlored  |)a|>er  can  also  be  used  to  advantage, 
r©  test  the  field  of  vision  in  an  individual  with  ripe  cataract  the  following 
^I'ocedui'e  may  lie  trie<L  In  a  dark  room  is  placed  a  lamp  behind  and  to 
^one  side  of  the  patient.  He  is  then  told  to  look  straight  lorwanL  The 
reflection  of  a  flame  is  thrown  from  an  ophthalmoscojxi  into  the  eye  from 
different  directions.  If  the  field  of  vision  is  good,  the  i>atient  can  state 
exactly  from  what  pjint  the  light  lias  Ijeen  thrown  int^j  his  eye,  thus 
proving  roughly  that  light-projf^HL-tion  is  unhindered.  During  this  test, 
however  J  the  reflexes  prtxluced  by  tlie  opacity  of  the  refractive  media  form 
an  impediment,  and  it  is  often  difficult  for  the  unintelligent  to  difterentiate 
between  the  vague  general  impression  of  light  and  tbe  real  situation  of 
Kie  flame. 

■  The  second  plan  Ls  to  enij^hiy  a  graduatetl  black  boa  ixl.  This  method 
^Wfts  introduced  by  von  Graefe/  and  considerably  improved  by  de  Wecker," 
The  patient  Is  platxn^l  at  a  definite  distaucx^  frotn  a  blacklxjard,  n\nni  the 
centre  of  which  he  is  made  to  fix.  The  surface  of  the  board  is  divided 
into  meridians  and  concentric  circles.  A  pi^je  of  chalk  is  advanced  al<mg 
the  different  meridians  towaids  the  centre  of  the  Ixjard  (fixati*)U-poiut),  and 
be  places  marked  ujiou  whieli  the  object  first  becMimes  visible.  On  the 
d  CMnstruetc^l  by  de  Wecker  the  chalk  is  rejilaced  by  white  ivory  balls 
ch  can  l)e  moved  along  tlie  different  meridians, 

lis  method  suffers  from  the  fault  that  the  various  |>arts  of  the  retina 

measured  at  different  distances.'     In  Fig,  3,  DG  represents  the  surface 

the  blaeklxmrd  and  F  the  jjoint  of  fixation.     Here  the  distance  of  the 

jla  lutea  (/),  which  is  direct*xl  to  F,  is  et^ual  to/F.    The  jwint  c,  which 

at  a  dktance  of  forty  degrees  from  the   macula  (/),  is  at  a  distance  ec 

i>m  the  retina.     The  point  <f,  lyiug  at  eighty  degrees  from  the  macula, 

at  a  much  greater  distance,  dD. 


Archiv  fur  Opbthalmologie,  ii.  2, 
*  Kliriiscbe  Moimtsbl niter  fur  Augenheitkunde,  1867,  S-  275. 
^  Carl  Moaer,  Das  Fen  meter  ui  id  seine  Aawendung.    Inaugunil  Dissertation,  Bre^kUy 
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ALTordiug  to  von  Helmholtz,*  the  deviation  pRKhioed  by  the  cornea  and 
anterior  cbambtr  is  so  great  fur  the  ontrnnost  mys  that  rays  of  light  are 
still  perceived  which  fall  n[ioa  the  cornea  iK^ri^endicnlarly  to  the  optic  aris. 
Hence,  as  the  normal  field  of  vision  extends  outward  ninety  degrees  or  even 


Fig.  3. 


f 


Fio.  4. 
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more,  it  is  impossible  to  determine  its  extreme  limits  on  the  blackboard,  for 
the  reason  that  vdys  situate*!  tbei-e  woiiltl  lie  at  infinity.  Anotlier  fault  is 
that  the  weaker  peripheral  jiarts  of  tlie  retina  are  measured  from  the 
greatest  distance.  The  greater  the  <li8tanee  from  the  eye  the  smaller  the 
retinal  image  nuist  be,  and  the  lesse  bright  the  examined  obja^t  l:»eeomc«. 
Thereibre,  as  the  same  object  is  used  for  examining  the  various  parts  of  t  lie 
field  of  vision,  different  standards  of  liglit  and  size  should  l>e  nsal.  Thus, 
in  Fig.  3  the  point  c  might  be  compareii  with  e',  but  c  cannot  be  compared 
with  D. 

If  the  object  empkjyed  is  intended  to  appear  to  ever^^  piint  of  the 
retina  under  the  same  size  and  brightness,  this  can  be  accomplished  only 
by  moving  the  object  (of  a  definite  sir^e)  on  the  meridians  of  the  inner  sur- 
face of  a  hollow  sphere.  On  this  principle 
IB  based  the  perimeter  that  was  introduced 
by  Forster.  As  shown  in  Fig.  4,  its  es- 
st^ntial  part  c-onsists  of  a  half- ring  6 
of  thri^  hundred  and  twelve  millimetres 
(equalling  twelve  Pans  iuclies)  radius, 
which  is  dividid  on  its  blackened  inner 
surfuce  into  degrL-es  h  and  A'.  At  its  cen- 
tre r  it  is  fastenc^l  to  a  vertical  coluum 
a  by  means  oi*  a  rod  wJiich  passeB 
through  the  top  of  the  column,  thus 
allowing  the  arc  to  l>e  turnetJ  so  as  to  de- 
scTibe  the  figure  of  a  hollow  sphere.  The 
arc  of  ttie  instrument  is  made  snflScientJy 
large  to  exceed  tiie  extent  of  the  greatest  field  of  vision. 

As  the  nodal  p>int  of  the  examincil  eye  must  lie  in  the  centre  of  the 
hollow  sphere,  the  shorter  column  c  with  a  movable  chin-holder  d  is  placeci 
opposite  the  column  (L  By  moving  the  chin-hidder  d  until  the  putic*nt*s 
eye  lies  just  over  the  ivory  letlge  /,  the  nodal  point  of  the  eye  Ls  brought 
almost  to  the  centre  of  the  hollow  sphere.      Starting  from  the  fixation- 
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point,  which  lies  opiwsite  the  eye,  at  tlie  pole  of  the  arc  as  zero,  the  arc 
is  divided  ioto  ninety  degrees  towards  eacli  side ;  upon  the  small  upper 
and  lower  sorfaoes  j,  g*  of  the  arc  the  number:^  of  the  separate  concentric 
circles  can  be  read  off.  By  turning  the  arc  npon  its  axis  it  can  be  placed 
in  every  meridian  of  the  field  of  vision,  and  the  posit  inn  of  the  meridian 
last  taken  can  be  read  by  means  of  the  meridian  hand  /,  which  moves  in 
the  same  direction  as  the  ring  b  over  a  gradnatetl  disk  m. 

By  thk  means  the  eye  is  i>lat?ed  m  such  a  manner  that  it  lies  just  over 
the  ledge  /,  while  the  other  eye  is  wvered  with  a  shade.  The  patient  is 
then  directed  to  ^x,  A  eomfijrtable  seat  and  an  unconstrained  jx^sition  of 
t!je  hesid  are  of  great  inijK»rtance  in  securing  the  long  attention  which  is 
reqiiirecL  Botli  conditions  are  Ijest  brought  about  by  seating  the  patient  on 
a  revolving  chair  and  placing  the  i>erinieter  uf>on  an  adjustable  table-top. 
With  the  aid  of  the  movable  cliin-hokler,  the  revolving  stool,  and  the 
|>erimcter-tablc,  children  as  well  a^  the  largest  adults  can  he  seated  prop- 
erly. A  good  plan  is  to  place  the  perimeter  between  two  windows,  with 
the  concave  side  of  the  aiv  turntHl  towards  the  incoming  daylight. 

On  the  opposite  side  the  instrument  is  surrounded  by  a  liigh  partition, 
covercil  with  unglazed  black  cloth,  in  order  to  prevent  the  patient's  atten- 
tion from  being  diverted  by  brilliant  objects  and  thus  influencing  the  lights 
sensibility  of  tlie  retina.  All  visible  surfaws  of  the  instrument  and  tlie 
table-top  are  painter!  dull  black.  Tlie  examiner  should  be  dressed  in  a  long, 
duU-black  coat,  and  his  right  hand  covered  by  a  black  glove.  The  exam- 
ination-object is  moved  by  means  of  the  sliding  apparatus  originally  placed 
on  Forster's  instrument,  from  the  peripliery  of  tlie  are  to^vaixls  the  centre. 
The  number  of  the  a>neentric  circle  upju  winch  the  object  is  first  recognized 
is  read  and  noted  upon  a  diagram  that  is  graduated  in  a  way  as  if  one  were 
to  gaze  at  his  own  field  of  vision.  (Fig.  2.)  During  the  examination  of 
the  upwartl  limits  of  the  field  it  is  necessary  to  elevate  the  upper  lid  with 
a  finger,  and  if  the  forehead  and  eyebrow  project  much,  it  is  well  to  raise 
the  chin-holder  in  order  to  tilt  back  these  structures.  It  is  alksolutely 
necessar)^  to  move  the  object  to  and  fro  when  examining  the  fieri pheral 
parts  of  the  field  of  vision,  because  during  strict  and  constant  central  fixa- 
tion a  resting  objeet  disa]ipears  much  too  fast*  in  consequence  of  simulta- 
neous light-induction.     (Ilering.) 

To  mark  tlie  limit  for  a  white  object  it  suffices  to  note  the  places  where 
the  patient  gets  the  sensation  of  the  apjiearauce  of  a  light  spot.  For  the 
determination  of  the  peripheral  limits  of  fTjlored  objects  the  seusatioo  of 
color  must  be  present.  Insteaii  of  Forster's  slide,  w^hich  makes  a  sound, 
and  by  it  informs  the  patient  of  the  approach  of  the  test-<ibject,  dull-black 
rods,  fifty  centimetres  long^  to  the  end  of  which  the  object  is  fastened,  can 
be  subetituteil. 

The  test-objects  generally  em|iloyed  are  white  and  colored  squares  of 
five  millimetres  each.  The  colored  objer-ts  are  made  of  so-called  Heidel- 
bei^  flower-pa fier.      For  the  examination  of  high  grades  of  amblyopia, 
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white  and  coloretl  squares  of  ten,  twenty,  aod  more  centimetres'  side- 
length  are  often  necessary  for  employoieut.  Likewise,  squares  of  one  or 
two  millimetres'  side-length  for  the  discovery  of  small  central  defects  in 
the  field  of  vision  are  of  value. 

The  fixatioTi-jmint  must  neither  be  too  large,  l>ecause  then  the  eye  moves 
to  and  fro,  nor  too  small,  siuce  the  lixation  of  a  very  small  object  is  more 
fatiguing,  and  because  during  constant  fixation  it  disappears  rapidly,  in 
cou^eqiipnce  of  simultaneous  light-induction.  The  manner  of  sketching 
the  tield  of  vision  as  show^n  in  Fig,  2  is,  properly  speaking,  not  exact. 
Such  a  diagram  is  neitlier  the  projection  of  a  liollow  sphere  upon  a  plane 
nor  an  cxjwiusion  on  a  plane,  yet  it  is  well  adaptal  for  sketching  the  limits 
of  the  field.  It  is  true  that  the  defects  l>ei:'ome  somewhat  distorted  in  ft»nn, 
since  they  are  more  diminished  in  the  meridional  than  in  the  eciuatorial 
direction  (the  projection  of  a  hollow  sphere  tipon  a  plane  spreads  much 
more  in  the  meridional  direction) ;  btit,  as  this  mistake  remains  the  same  for 
all  examinations,  it  may  be  disregarded.  A  correct  representation  of  the 
field  of  vision  is  possible  only  upon  a  hollow  sphere. 

NORMAL   FIELD   OF   VISION. 

The  extent  of  the  normal  field  dejx^nds  upon  individual  difference :  this 
explains  why  most  observei-s  have  obtained  such  different  values  for  it 

It  is  necessary  to  distinguish  Ix^twcen  an  absolute  and  a  relative  limit, 
because  each  retinal  periphery  when  the  organ  is  at  rest  has  a  zone  of 
perceptive  elements  that  are  actetl  ujxiu  by  feeble  light.  The  width  of  this 
zone  is  calculated  from  the  considerable  expansion  brought  alwmt  by  the 
action  of  strychnine,  which  increases  the  susceptibility  of  the  entire  retina 
and  at  the  same  time  moves  the  plane  of  the  jiupil  forward  so  that  a  great 
number  of  perij>heral  cones  %viiich  were  acted  on  by  too  feeble  light  now 
receive  more  dispersed  rays,  this  addition  being  sufficient  to  produce  a 
S€*nsation  of  light  and  thus  incix^ase  the  field  of  vision.  This  assumption 
of  tlie  limit  of  tlie  field  agi^ees  with  the  experience  that  it  becomes  wider 
by  rejMpated  examinations,  and  likewise  that  a  greater  field  of  vision 
is  obtained  if  the  trial-object  is  m4)ve<l  from  the  centre  to  the  i>erii>her\^ 
than  if  it  is  movetl  from  the  iieriphcry  to  the  centre.^  The  assumption  is 
further  substantiated  ijy  tlie  fact  that  the  field  of  vision  is  miKle  largt^r  and 
rounder  througli  the  use  of  strychnine  {von  Hippel)  and  by  using  very 
bright  objec*ts.    (Sc^hweigger.) 

The  limit  iud lifted  in  Pointer ^s  diagram  (Fig.  2)  may  be  taken  as  the 
minimum  size  of  the  normal  eye  for  a  five-millimetre-square  white  object. 
The  normal  field  has  its  largest  area  in  the  horizontal  meridian,  and  the 
flmallest  ones  in  the  vertical  and  lower  inner  meridians. 

From  the  fixation-f>oint  the  aeiiteness  of  vision  rapidly  diminishes.  The 
Wrv^  of  equal  eccentricity,  called  isopters  by  Hirschl>ei^,  were  determincnl 

*  Liovin,  Ueberdie  Gr6880  und  BegreDzung  der  normalen  Gesichtsfelder.  Inaugural 
I)l*t«rtiition+  KonigsWrg,  1877. 
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by  him  by  means  of  the  lartre  tast-letters  of  Snellen.  The  more  neiirly 
physiologically  correct,  and  for  jierirnetric  fliaij^nosis  the  more  useful,  is  the 
method  of  Groenouw,  who  determined  the  is<jpters  by  me:ins  of  the  points 
of  mo>t  acute  \^sion.^  Tlie  term  acnteness  uf  vision  h  applied  to  two  difler- 
ent  functions  uf  the  retina:  (1)  tfie  ability  to  distiuguish  a  small  jHjint  from 
its  environment,  termed  acnteneas  (if  vif^iou  fur  points;  (2)  the  ability  to 
differentiate  twt»  or  more  al>jcets,  trrnietl  aeuteuess  of  visiou  for  form, 
Aubert  calls  the  smallest  perceptible  [>uiut  tlie  **  physiologieal  pcjint." 
Groenouw  has  determined  the  isopters  for  points  of  different  diameters 
from  a  series  of  emmetropic  eyes,  aud,  ace^irdiu^  to  him,  an  isoptcr  is  tlie 
h'nc  that  comieet«i  those  points  on  the  retina  at  whicli  the  physiological 
point  has  tiie  same  size.  The  separate  isopters  are  obtained  by  deter- 
miniDg  tlie  limiting  point  on  each  meridian  of  tlie  ticld  of  vision,  where 
a  black  ptnnt  of  a  determined  size,  when  mov*Kl  from  the  periphery  to  the 
centre^  just  bt^gins  to  become  visiljle.  These  limiting  points  are  connected 
with  one  another  by  isopters  which  run  almost  parallel  to  the  limits  of  the 
field  nf  vision.  If  the  physiologiml  point  just  doubles  from  one  isopter 
to  another^  they  maintain  among  themselves  very  regular  inter vals»  The 
examination  of  these  points  is  of  advantage  in  improving  our  sketches  of 
the  field  of  vision  from  the  diagnostic  stand -point. 

The  niethiifl  is  as  follows.  A  white  card  six  degrees  wide,  with  a  black 
spot  in  its  centre,  is  moved  on  Forster's  [perimeter  from  the  f>eriphery 
towards  the  point  of  fixation  until  the  sjiot  just  l»ecomes  visible.  The 
height  of  the  c:ii*d  is  made  to  < -or respond  to  the  width  of  the  }>eri meter, 
which  is  thirty  millimetres  wide.  On  the  middle  of  its  front  surface  is  a 
black  spot  of  a  definite  size.  On  the  reverse  side  a  strip  of  card-l>oai*d  is 
fastened  in  such  a  manner  that  it  m* where  overlajis  the  i-ard.  This  canl  is 
suspended  frrim  the  arc  of  the  perimeter,  and  is  so  arranged  that  it  can  be 
moved  along  the  arc.  The  sp:»ts  used  are  of  a  diameter  of  one-fourth,  one- 
half,  one,  two,  and  four  millimetres  each,  and,  as  they  are  exactly  in  the 
middle  of  the  card,  they  must  be  three  dt*grces  distant  from  its  Ixirder. 
This  fact  must  be  borne  in  mind  wheo  the  registration  of  concentric  circles 
13  read. 

The  macular  region  may  be  alone  tlisesised  and  show  tield-defects  of 
different  forms,  extent,  and  intensity.  Such  defects  are  termed  central  sco- 
tomata.  If  all  light-sensiliility  of  the  n^tina  is  lost  in  a  central  scotoma, 
the  eye  no  longer  has  a  central  fix  at  ion- jtoint.  In  such  a  case  tlie  nearest 
physiologically  best  fornietl  point  in  the  vicinity  must  be  taken  for  a  fixa- 
tion-point. If  the  diseased  eye  has  not  acquired  a  squinting  position,  and 
if  the  other  one  is  nornud,  the  perimeter  is  ptace^l  in  front  of  the  ecceu- 
tricjilly  fixeii  eye  in  tlie  usual  manner,  and  the  normal  eye  is  left  uncr^vered. 
The  patient  is  then  asked  to  fix  his  gaze  on  the  spot  on  the  [perimeter.  It 
will  be  then  found  that  the  diseased  eye,  through  the  sympathetic  influence 
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of  tlie  normal  eye,  takes  the  proper  position.  The  sound  eye  can  be  then 
covered,  and  the  examination  continiietl  as  long  as  a  proper  position  is 
maintained.  By  repeattdly  removing  tlie  cover,  and  so  i*egaioing  the  proper 
position,  a  field  ot*  vijHiun  whieh  exaeily  aiuswers  the  physiological  require- 
ments can  l>e  obtained  during  the  ii)ter%:als.  In  a  c^ase  where  both  eyes  are 
eceentrically  fixed,  the  patient  can  be  asked  to  place  his  index  finger  on  the 
fixatioD'point^  anil  told  t<j  gaze  at  the  spot  where  the  tip  of"  his  index*finger 
touches.  When  all  light-!?ensatioii  has  disappeared  within  sul^Ii  a  central 
defect,  it  is  spoken  of  a-*  an  abmhite  central  stiotomu.  If  the  defect  shows 
itself  for  rjne  or  all  coloi's,  and  no  defect  is  proved  lur  the  smallest  white 
objects,  it  is  known  as  a  relative  centm!  scotoma.  The  terms  indistinct 
and  inaccurate  central  scotoma  are  used  to  signify  that  condition  in  which, 
although  the  color-impression  prevails  in  the  centre  of  the  field  of  vision,  its 

tint  undergoes  a  modification, 

Fio.  6.1 
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Lea  field. 

Besides  this  classification  of  absolute  central  scotomata,  relative  cen- 
tral scotomata,  and  indistinct  cent  ml  scotomata,  central  defects  of  field  of 
vision  may  be  divided  after  Furster's  nicth«H;l  into  positive  and  negative 
central  scotomata.  In  (wsitive  central  scotomata  the  jmtient  perceives  a 
dark  si>ot  in  tlic  field  in  plat^e  of  the  fixation-point.  Negative  central 
scotomata  are  unt  recognized  as  scotomata,  the  patient  perceiving  a  hlnriT^l 
and  indistinct  image.  Central  scotomata  are  also  divided,  according  to 
their  position  in  relation  to  the  point  of  fixation,  into  ]iericentral  scotomata, 
where  the  fixation-point  lies  in  the  centre  of  the  scotoma,  and  paracentral 


*  In  this,  ns  well  ws  in  ail  fullowing  figures,  tin-  aI>M>lutf  defects  are  eketchiHl  double 
tbeir  natuml  size,  TIir  relative  d</fectg  are  skek-bed  iintiiral  size;  — sii^nifles  the  boun- 
dttricfi  for  blue;  ..  ,  sigrniflpi?  the  bouTidariea  for  red.     In  order  to  Rroply  the  fig^ures  the 

Voundnries  for  green  have  been  omitted  \ ia  the  limit  for  white  in  funclioniil  nerroui 

disturbance  of  sight. 
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scotomata,  wliere  the  field  lies  on  tlie  edge  of  the  scotoma,  {^Ide  Fig.  5,) 
It  is  of  great  im(iai'tauee  to  observe  wiietber  tlie^^  central  seotoinata  ap- 
pear on  one  or  both  sides,  and  if  they  are  observed  simultaneously  in  bc»th 
eyes.  Among  the  bilateral  jmrai'eiitral  seotonuita  the  temporal  hemiannpic 
and  the  homonymous  hemiunupie  typeii  play  an  important  roiey  because 
the  point  of  tixation  remains  intaet.  The  fimt  gi*oups  of  central  scotomata 
lie  in  the  temporal  half  of  the  field  of  eaeh  eye  outward  from  the  fixatinii- 
p«>int.  The  bilateral  c^'utral  seotamata  may  be  either  on  the  right  or  the 
left  side  of  each  eye,  but  are  always  on  the  same  side  of  the  point  of  fixa- 
tion. A  i>e<i*uliar  form  is  the  central  scotoma  of  fatigue,  which  is  observed 
only  in  functionally  nervous  conditions. 

Central  scotomata  may  be  pnxluoed  hy  chorio-retinal  changes  in  the 
macular  region,  and  then  they  are  mostly  jxisitive ;  or  they  may  be  pnxluced 
by  a  disease  of  the  {mpillo-inacnlar  buucli  of  fibres  of  the  optic  nerve,  and 
then  they  are  negati\^e  in  ctiaracter. 

An  affection  of  the  papillo-macular  bunch  of  fibr^  in  the  chiasm  pro- 
duces a  douhle-sidtd  temporal  hemiannpie  scotoma.  An  isolated  lesion 
of  the  [>a|»illo-niacular  fibix-s  of  a  tract  of  the  optic  ntdiations  and  of  the 
macular  cortical  field  produces  an  homonymous  heniianopic  paracentral 
scotoma.  The  hemianrji>ic  paracentral  scotoma  also  belongs  to  the  negative 
group.  Even  if  coloi-ed  objects,  on  at^count  of  their  feebler  brightness,  form 
a  much  more  sensitive  test  for  existing  disturbaaees  in  tbe  field  of  vision 
than  wiiite  ones,  yet  they  do  not  suffice  if  it  is  desired  to  determine  the  real 
extent  of  a  central  scotoma.  The  reason  for  this  is  that  it  is  difBciiit  to  fix 
the  exact  limits  of  such  scotomata^  bc?c»ause  tlie  absolute  types  are  generally 
syrroimded  by  a  zone  of  diminished  sensibility,  in  which*  for  instance,  a  red 
square  appears  as  dark  red  or  brown  through  all  varying  si  i  ad  as  from  red 
to  black*  Again,  the  determination  of  colors  depends  upon  a  certain  arbi- 
trarioess  of  the  examiner  and  the  patient,  bec^ause  it  is  placed  at  the  option 
of  bi>th  of  them  to  decide  which  tint  they  still  regard  as  red.  To  obviate 
this,  the  acutencss  of  vision  lor  points  is  employed  as  a  still  more  prc*cise  test. 
Especially  is  this  so  if  in  a  case  of  diminisljed  central  acutencss  of  vision 
no  central  sixitonia  is  found  for  the  smallest  colored  objcH.'ts»  or  if  in  a  case 
with  autopsy  the  field-defects  can  Ik*  compared  with  the  niicrost^opical  jjrepa- 
rations  of  the  cross-section  of  the  optic  nerve.  In  this  latter  instance  it  is 
of  importance  to  know  whei'e  the  function  was  missing  in  the  field  of  vision, 
in  order  to  determine  the  ]iosition  of  certain  bunches  of  optic-nerve  fibres. 

The  det€»rmination  of  the  exact  booudaries  of  a  relative  central  scotoma 
alwa\^  offers  some  difficidties,  even  to  the  experienced  observer  :  still,  it 
is  easier  for  the  patient  to  state  if  [le  se<^s  a  black  point  than  to  determine 
exactly  tlie  tint  t-o  wtii*'h  a  color- i>bj<'ct  has  turned.       * 

In  spite  of  the  disturbing  elements  of  the  black  points,  it  will  be  found 
that  there  is  hardly  any  transitirju  zone  between  tlie  absolute  defect  of 
the  field  of  vision  and  the  healthy  area.  However,  the  existence  of  a 
zone  of  diminished  sensibility  can  be  proved  by  using  points  of  different 
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sizes,  finding  ft>r  a  large  spot  a  central  defect  of  less  extent  tlian  for  a 
smaller  s(>ot.  A  spot  of  one  millimetre  diameter  is  an  extremely  dflieate 
test  for  a  oentml  scotoma,  much  more  so  than  a  red  sijoape  of  nine  milli- 
metres  on  a  blaelt  baekgrouiKL  The  determination  of  point  acnteness  of 
vision  is  of  the  gi^^^itest  prt»gnostie  im  porta  nee,  lxH:*ause  the  field  sketched 
with  black  points  giv^es  in  advance  the  fi>rm  it  will  assume  vvheo  di:?ease 
has  progressed,  A  centnJ  absolute  scotoma  may  et>mpletely  disiipp^ar,  or 
it  may  change  in  tlie  eoui^se  of  the  treatment  into  a  pamcentral  one  and 
then  remain  stationary. 

On  the  other  hand,  a  paracentral  scotoma,  if  it  is  not  hemianopio,  may 
change  into  a  central  one  and  increase  in  size.  Again,  a  central  sci>tonia, 
after  having  attained  a  certain  size,  may  remain  stationary  without  the 
periphery  of  the  field  being  altered  in  any  particular.  This  also  applies  to 
hemianopic  scotomata,  bnt  witli  the  modification  that  either  tlie  extension 
or  the  contraetiun  of  the  seotumata  remains  limiteil  to  the  half  of  the  field 
in  which  the  scotomata  art^  found. 

An  important  place  in  the  fiehl  of  vision  is  the  blind  or  Mariotte's 
sjx>t.  Its  position  and  extent  eorresponit  with  the  situation  and  size  of  the 
optic  disk.  This  area  is  termed  the  "  blind  spot*'  because  in  this  situation 
the  fibres  of  the  optic  nerve  cannot  l>e  affci^ted  directly,  and  hence  the 
patient  receives  no  light-sensation  at  this  point.  Its  iorni  is,  according  to 
von  Helmholtz/  that  of  an  irregular  ellipse  with  short  projections  repre- 
senting the  beginnings  ami  endings  of  the  retinal  arteries  and  veins, 

As  the  ]>oint  of  entrance  of  the  optic  nerve  lies  somewhat  inward  and 
upward  from  the  fovea  centralis,  the  blind  spot  is  found  somewhat  outward 
and  downward.  Usually  it  is  situated  between  the  tenth  and  twentieth 
concentric  circles  <m  the  ptTimeter.  Landolt^  and  Dobrowolsky  *  havo  de- 
termined the  distance  Ix'tween  the  optic  disk  and  the  macula  lutea*  In 
emmetropia  they  say  it  is  3.915  millimetiTS.  In  hypermetropia  it  is  some- 
what greater,  but  in  eyes  of  a  mrnlerate  degree  of  myopia  it  is  slightly  less ; 
in  pronounced  myopic  eyes  it  is  much  greater. 

The  area  of  the  blind  spot  is  determinecl  by  means  of  the  jwint  method 
of  examination.  During  such  a  procedure  the  j>eculiar  fact  wdiich  agrees 
with  the  discovery  of  Bjerrum  can  Iw  noted,  that  the  defeat  for  a  small 
spot  (0.5  millimetre  in  diameter)  extends  one  degree  farther  than  for  a 
larger  one,  showing  that  the  absolute  defect  is  surrounded  by  a  circular 
relative  one. 

Under  certain  pathological  conditions,  when  the  perceptive  elements 
of  the  retina  in  the  vicinity  of  the  optic  disk  bc^^ome  pressed  upon  or 
undergo  atrophic  changes,  there  is  an  enlargement  of  the  blind  spot :  for 
example,  in  choked  disk  and  peripa]>illary  chorio- retinitis.  The  same 
result  occurs  congenitally  w^hen  medullary  fibi^es  of  the  optic  nerve  run 

*  Physiologi^jhe  Optik,  \l  Aufl.,  S.  25S. 
»  Centmlblatt  fur  die  Meflknnisclien  AVissensrhiiaeT^,  xlv,,  1871. 

•  Kiitiigcbe  M  omits  blatter  fiir  Augeiibeilkunde,  1871,  S,  437. 


Sometimes  during  the  development  of  ring  ficotomata  semilunar  fonwl 
which  reach — in  one  part,  at  least — the  peFii>hery  of  the  field  can  be  seen. 
(See  Fig.  8,)     In  retinitis  pigmeutosa,  in  which  ring  seotonmta  are  some- 
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times  founds  the  periphery  and  the  macular  part  alone  remaiii.  In  such 
cases  the  color-field  i^  coutnicted,  existing  onh'  iu  those  portioas  which  are 
connected  with  tJie  fixation-j>oint. 
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In  sypliilitic  churioiditis  the  elosed-ring  scotomata  change  duriog  treat- 
'ment  into  znoiilar  defeats,  which  gmdiially  disiippean  They  are  oeea- 
gionally  nhscrviil  in  multiple  ttt'Ierosis  of  the  optic  nerve  resoltiog  from 
various  fnrm«  oi'  influnuuation,  A  small  ring-suutoma  of  this  cliaraeter 
has  Iveen  observrtl  and  sketched  by  TJlitiiolT.*  In  certain  forms  of  opt  te- 
ll erve  atrophy,  absolute  central  scutomata  cumuiencing  near  a  peripherally 
coDi^nti'ieally  ccmtmcteti  field,  so  that  only  the  intermediate  zone  of  the 
field  of  vision  rt^mains,  are  found.  (See  Fig.  9,)  Within  this  retained 
iM^ion  color-perct*ptiun  is  limited  to  islands  of  blue.  By  eccentric  growth 
of  the  cent  ml  scotomata  and  by  the  increasing  concentric  contraction  of 
the  field,  the  remaining  zone  is  divided  into  two  parts,  one  lying  inward 
and  t]w  other  outward.  Finally,  these  remaining  |>art^  gradually  disap- 
pear, and  blindness  ensues.     These  defects  are  nearly  always  bilateral. 

If  a  number  of  small  and  large  insular  scotomata  lie  dispersed  over 
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Right  field. 

the  field  of  vision,  we  term  tlie  condition  a  cribriform  field  of  vision,  or 
visas  reticulatus.  These  small  scotomata  usually  oeoiu'  in  the  interme- 
diate part  of  the  field,  and  near  them  vast  peripheral  zonular  defec^ts  are 
ofl:en  found.  {See  Fig.  10.)  This  cribriform  field  h  freijuently  seen  in 
grave  eases  of  chorioiditis  disseminata  where  the  ehorioidal  disea^'  has  in- 
vaded the  layer  of  roils  and  et>ncs  .ind  cAiused  theiu  tt>  uudt  rgo  atrophy. 
We  see  how  the  upper  and  lower  damaged  bortlers  of  the  field  for  blue 
(Fig.  10)  indicate  tlie  grtivity  of  the  lowerfHl  visual  power. 

TJiat  portion  of  the  field  of  vision  wliicli  lit^  outsitle  of  the  forty- fifth 
mnoentriG  cin-le  is  called  the  peripheral  zone.  Pc'riplieral  insular  defects 
ilistorb  the  vision  but  slightly,  esjMK'ially  if  they  lie  far  from  the  point  of 
fixation^  and  Ijeeome  manifest  only  when  the  field  is  examined. 

•  Apchiv  fur  Psycbiatne,  xxi. 
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Gii?atly  contracted  fields   cause  tlie   patients  to  feel   as  if  they  wer 
lookinpr  throuii^h  a  hilx\     They  are  tberefore  compelled  to  turn  tlieir  eye 
in  all  directions  in  order  to  orient  themselves,  and  even  then  they  find 
necessary  t*j  make  use  of  their  memories.     Defects  in  the  inferior  portic 
of  the  fields  causes  the   patients  to  stumble  over  objects  whilst   lookii 
straight  ahead.     This  peculiarity  of  the  eyes,  with  the  tapping  gait,  in  the 
two  types  of  eases,  gives  a  eliaractcristie  apfX'arance  of  helplessm^s. 

The  degret)  of  acnt<^ness  of  visit tn  of  the  peri|)hery  of  the  retina  h  quite 
smalL  It  is  not  eonstrncted  for  pen-giving  distinct  forms,  but  only  to  call 
attention  to  jxiints  and  surfai?<\s  as  coutrastt^i  with  their  snrronndings,  the 
real  eondiiions  of  which  are  [>crccivetl  by  directing  the  eyes  to  sucli  ]xi>ints 
and  surfaces,  this  being  assisted  by  the  increased  sensibility  of  the  peripherj* 
for  moving  ol)je4"ts.  The  faculty  of  the  jwriphery  of  the  retina  for  per- 
ceiving forms  is  never  made  use?  of  in  physiologi*.^]  conditions,  and  is 
therefore  s<i  slightly  develo[:»ed  that  exact  examinations  apjjcar  nuL'ertain ; 
but  this  uncertainty  is  neutralizt^l  by  t!ie  fact  that  a  certain  amount  of 
physiological  perfetlion  may  at  times  be  obtained,  especially  if  i^ntral  sigbt^H 
is  lost.  ^1 

The  peripheral  zone  generally  begins  where  the  perception  of  a  five- 
millimetre-square  blue  object  ceases.  ^m 

An  image  piYjjwtetl  from  the  periphery  of  the  retina  of  a  centrally  fixing^l 
eye  is  very  dim,  because  the  c5one  of  rays  falling  laterally  into  the  pupil  is 
smaller  than  the  cone  that  comes  from  the  point  of  fixation. 

Forster  ^  states  that  the  rays  of  the  sun  may  fall  into  the  eyes  for  sev-^ 
eral  seconds  at  an  angle  of  forty-five  degrees  to  the  visual  axis  withoul 
producing  or  leaving  any  vivid  impressions^  Besides,  the  greater  the  angle 
at  which  the  light  falls  upon  the  eye  the  greater  will  be  the  loss  to  the 
lateral  parts  of  the  i*etina  by  reflection  from  the  coraea  and  the  leus.  From 
the  fixed  relation  l)etween  the  amount  of  light-  and  c«jlor-perception  it  fol^^H 
lows  that  the  farther  we  jmss  from  tiic  centre  of  visiou  the  less  light  will^^ 
fall  u|)on  the  retina  and  the  less  i>crfcctly  will  any  colural  test-objet^ts  Ije 
recognized.  Finally,  there  is  a  stage  at  whi(*h  all  colors  give  the  sensation 
of  their  having  been  mixed  with  black  and  white  This  is  the  reason  why 
test-objects  of  all  colors,  while  passing  from  the  pcnpliery  to  the  point 
of  fixation,  apjM^ir  in  other  shades  and  tints  before  being  properly  recog- 
nized. Thesi^  transitions  from  the  light  to  the  saturated  impression  of  the 
nilor  take  place  gradually,  so  that  a  certain  arbitrariness  cannot  b?  avoided 
in  determining  the  values  on  the  perimeter  tor  the  limits  of  different  colors, 
and  heuce  no  agixvment  has  been  reached  iu  regard  to  the  bountlaric^s  for 
color-fielJs.  Yellow  has  the  greatest  extent,  then  blue  ;  red  and  green 
have  the  smallest  extent.  From  the  fact  that  individuals  with  normal 
eyes  are  differently  endowed  for  the  perception  of  color,  it  follows  that 
oolor-fields  cannot  be  the  same  in  different  subjects  under  equal  conditions. 
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Women  have  a  raore  pronoiinoeil  raeiilty  for  distiiigiiisliing  color,  and 
coDsec[aently  have  a  larger  eolor-lieltl*  The  result  of  the  examtDation 
of  color-fields  depends  upon  the  following  conditions,  under  which  every 
examination  is  made:  (1)  the  saturation  of  the  color;  (2)  the  size  of  the 
object, — 1.,<\,  tlie  magnitude  of  tlie  %'isual  angle  j  (3)  the  illnniinatioo  of  the 
object ;  and  (4)  the  baekgroiuid  (be<^use  of  simultaneous  contrast). 

Although  we  find  a  rather  broail  and  ajipareutly  color-blind  zone  be- 
tween the  limit  of  the  lield  \Ur  white  and  the  |>eripheral  limit  for  a  blue 
of  twenty-five  s^juare  milHmetres,  still  the  |>eri[>hcry  of  the  retina  in  its 
normal  condition  is  said  not  to  be  color-blind.  Bonders  and  Landult'  have 
shown  that  the  sensibility  of  the  peripheral  zone  of  the  retina  for  colors 
woidil  Ije  the  same  as  that  of  the  centre  if  the  intensity  of  the  light  were 
proportionally  iuci'east^l. 

We  must  use  clean  coliirt^l  objects,  and  only  witli  the  strongest  daylight. 
The  colors  must  be  kept  in  a  dark  place,  as  the  pigments  are  changed  by 
the  action  of  light. 

Aul)ert  has  shown  that  when  the  eye  Ls  centnilly  fixed,  the  peripheral 
zone  of  the  retina  Ix^comes  tatigued  more  quickly  by  color-sensations  than 
the  central  regions ;  and,  farther,  that  the  peripheral  zone  of  the  retina  is 
more  easily  tatigue<l  by  a  colored  object  than  by  a  white  one  fixed  on  the 
l>eriphery  of  the  perimeter.  For  this  reason^  and  because  of  the  greater 
sensibility  of  the  retina  for  moving  colored  objects^  it  is  advisable  to  make 
trembling  movements  with  the  tcst^object  during  the  determination  of  pe- 
ripheral boundaries. 

In  order  to  have  uniformity  of  pigments  in  perimetric  examinations,  it 
lias  been  agreed  ujion  to  use  the  aO'Calletl  Heidelberg  flower- paper.  If  it 
is  desired  to  compare  the  extent  of  the  color-field  with  the  limits  for  white, 
the  same-sized  objects  must  be  used.  Strong  dift\ise  daylight  should  always 
be  employc^L 

As  the  qnantitative  sensibility  for  colors  is  greater  in  the  adapted  than 
in  the  non-ada[)te<l  eye  f  Aubert),  the  organ  must  repose  Ijefore  the  ex- 
amination of  the  coliired  fields  of  vision.  The  relation  of  the  limits  of 
color  to  the  limit  of  the  field  of  vision  fur  white  is  of  the  greatest  impor- 
tance, inasmuch  as  tfic  limit  of  vision  for  triors  rt?cedes  from  the  limit  of 
the  field  of  \'ision  for  white  in  the  onler  blue,  rod,  and  green,  under  the 
following  conditions  :  in  all  atrophic  conditions  of  the  optic  nerve  and  of 
the  chiasm,  and  in  all  morbid  pn>ccsses  resulting  in  preasnre  upon  the 
visual  fibres  in  the  optic  tract  and  the  cerebrum. 

The  distance  between  the  limit  for  blue  and  that  for  white  beotmiing 
greater,  the  size  of  all  color-fields  heconies  smaller.  The  relation  of  the 
color-limits  c^n  be  compared  with  ttie  extreme  limit  of  the  field  of  vision 
for  white  only  when  the  latter  has  been  determined  nith  an  object  of  the 


>  OphUialinologicAl  Congress  of  Heidelberg,  1878  •  Kliniache  Monatablitter  ffir  Au- 
genheilkuDde^  1873. 
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darkest  gray,  which  in  full  daylight  is  still  distinguished  as  **  bright"  until 
the  limit  of  the  aoruial  visual  field  is  reached. 

The  limits  of  the  field  of  vision  of  a  norraal  eye  will  still  be  found 
normal  fur  a  white  test-object  of  five  ni ill i metres  even  io  a  darkened  room, 
Henee  it  is  of  no  eonsequenee,  in  the  case  of  a  normal  eye,  whether  the 
boundaries  for  white  be  determined  in  such  a  room,  or  in  full  daylight 
with  a  iriixy  object  which  is  in  brightness  eijiial  to  the  white  object  used  io 
tliat  dim  light 

In  regattl  to  color-limits,  the  normal  eye  fnroishes  quite  difierent  re- 
sults. If  tliey  are  determiutii  by  the  sulxlued  light  in  which  the  field  for 
white  still  proves  normal,  the  c^jlor-fietd  will  be  found  to  have  undergone 
a  markwl  degree  of  concentric  contraction.  But  by  using  u  gmy  test-object 
ID  strong  daylighty  the  several  fields  of  vision  for  color  are  obtained  with 
their  res|>ective  normal  limits. 

Landolt^  haa  pruv^nl  that  small  blue  objects  in  suMued  light  are  jier- 
ceived  by  the  normal  eye  more  distinctly  in  the  peripheral  zone  than  in  the 
cent  ml  one,  whereas  red  objects  are  {►erwivi'd  mon?  distinctly  in  the  central 
zone,^ — /.t\,  the  reverse  of  the  arrangement  that  is  found  when  the  tests  are 
made  during  strong  daylight. 

The  relation  Ix^tween  the , color  and  white  limits  is  of  diagnostic  im- 
portance. If  the  sensibility  of  the  retina,  or,  what  is  the  same  thing,  the 
conducting  ability  of  tlie  optic  cross- section,  be  assumed  to  be  equally 
diminishtHl  until  the  white  test-object  in  full  daylight  just  reaches  the  limit 
of  the  normal  field  of  vision,  the  eolor-limit^!  will  prove  to  Ite  more  con- 
centrically contractetl.  This  is  accounted  for  by  the  tact  that  tlie  sensi- 
bility of  the  eye  for  colored  test-objects  is  much  less  than  that  for  the  same- 
sized  wliiti?  test-objects.  In  cases  in  wtiich  the  color-limits  are  contracted 
and  wntnil  acuteness  of  vision  is  diminished,  even  tliough  a  normal  or  a 
slightly  contracted  limit  for  white  exists,  the  condition  is  a  pathological 
one  in  w^hich  progressive  atrophy  of  the  optic  nerve  may  exist. 

There  are  three  diiferent  patliological  sbites  in  which  the  determination 
of  the  field  of  vision  in  full  daylight  shows  norraal  or  almost  normal  limits 
for  white  and  a  great  reduction  in  its  limits  for  colors:  (1)  idiopatliic 
hemeralo[>ia  ;  [2)  the  early  stage  of  pr«:»gressive  atrophy  of  the  optic  nerve; 
(S)  the  purely  functional  nervous  disturbances  of  vision. 

In  hememlojiia  the  field  for  white  is  increasingly  contracted  by  the 
gradual  diminution  (*f  light.  Color-limits  eoutracted  in  daylight  are 
perceived  only  at  the  }Miint  of  fixation,  and  six>n  vanish  as  darkness  is 
increai?ed»  Fig,  1 1  shows  the  field  of  vision  of  the  left  eye  of  a  twenty- 
year-uld  man  suffering  from  idioj>athic  hemeralopia.  The  examination 
was  maile  In  daylight.  The  right  eye  exhibited  an  analogous  condition. 
Central  visual  acuteness  in  full  daylight  equalled  f .  In  the  sketch  a  slight 
concentric  contraction  for  white  and  a  considerable  one  for  color  can  be 
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noticed.  When  the  light  was  dimiaisjiietl  in  this  ease,  ray  own  visual  acute- 
ness  still  eijualliog  |,  all  a>lor  Imd  disiipiteared  from  his  Hold  of  vision,  and 
his  field  for  white  (lihtained  with  a  five-niillimetreR  stjuare  of  color)  became 
contracted  to  almost  tlie  size  of  the  retl  tick!  showu  in  Fig.  11,'  The 
ophthalmf>scc»pic  at*|H»amnces  were  ncgati  ve.  Tlii^  imtient  could  not  jierceive 
large  object*^  indirectly  in  a  slightly  darkened  room,  and  his  orientation  was 
diminished. 

In  symptomatic  hemeralopia  the  field  of  vision  is  contracted  in  dimin- 
ished light  in  its  whole  extent  or  in  single  zones  according  to  the  extent 
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of  the  disturbed  portion  of  the  retina.  Zonular  defecte  and  ring  scotoma 
can  be  demonstrated  by  either  gray  test-objects  in  daylight  or  white  test* 
objects  in  a  diminished  light.  Figs.  5  and  6  are  sketched  from  fields  taken 
in  this  manner. 

According  to  Bjerrnm,'  certain  chorio-retinitic  processes  have  proved 
to  l>e  heraeralopic  in  type;  for  example,  retinitis  pigmentosa,  ehorio-retinitis 
syphilitica,  and  chorioiditis  disseminata.  The  folhiwing  conditions  also 
give  hemeraloprc  fields :  high-gmde  myopia,  senile  eyes,  and  glaucoma  that 
has  dcvek>j>ed  from  chorioiditic  conditions.  Forster'  has  found  more  or 
less  extensive  centnd  scc^tomata  in  symptomatic  hemeralopia  cnused  by 
dazzling  light,  es|>ecially  if  the  macular  region  is  affected.  The  hemeralopia 
is  explained  by  the  tardy  recovery  of  the  retina  in  a  dark  room^ — 2>.,  \w 
the  slow  reproflnction  of  the  substance  of  tlie  nervous  retinal  elements 


'  The  mode  of  expressing  the  color  by  the  character  of  tlio  line  used  is  thiit  which 
hfts  been  agreed  upnn  bj  all  scientific  observers,  thus  avoiding  the  coustunt  repetilion  ot 
initial  lettew  or  words  denominating  the  color  used, 

*  Archiv  fvir  Ophthalmulugie,  xxx,  2. 

'  Lt»co  citato. 
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which  are  decomposed  by  the  action  of  h'glit     MeDtioii  must  be  made 
here  of  the  condition  known  as  the  non-adapted  eye  (adaptation  aa  un- 

dei-stood  by  iVnbert),     Ti-eitc*!  *  has  proved  exj>eri  mentally  that  the  non- 
adapttn]  eye,  after  looking  for  thme  minnt<*8  upon  a  snow-covered  surface 
and  tlien  etiteriug  a  darkeoetl  ri>om,  a>uld  for  some  time  jieiTieive  object 
only  indirectly,  everything  t^ntmlly  pliict^d  ap|>eariug  black,    Theext^raalj 
limit  of  the  non-adajite<l  eye,  wheo  using  a  white  (twenty  millimetres  square) 
color,  was  found  to  fHuiiuish  according  to  the  degree  of  darkness,  the  limii^ 
being  contracte<l  to  the  point  of  fixation  when  the  darkness  was  marked. 
The  external  limit  of  the  adaptc<i  (recovered)  eye  remains  unchanged,  even 
under  a  marked  dtgi'ce  of  darkni-ss,  this  rt^ult  l>eing  in  contrast  with  that 
for  the  color- fields,  which  arc  more  or  less  contracted  according  to  the 
degree  of  darkness,^ 

Treitel^  is  convinced  that  when  a  nun-adapted  eye  is  examined  in  day- 
light with  a  gray  test-object  so  that  the  field  just  shows  nortnal  limits,  it 
will  be  contracted  when  the  examination  is  made  with  the  same  object  in  a 
waning  light.  Lan(h>lt*  has  stattnl  tliat  during  recovery  the  first  tint  to 
be  perceived  proi>erly  is  green,  followed  by  yellow,  red,  and  blue. 

In  pure  (i.e.,  not  hemei*aloi>ic)  amblyopia,  Treitel  could  not  find  any 
further  conti-actiou  of  the  limits  of  the  visual  field  when  the  illumination 
was  diniitiislied.  In  regaixi  to  the  central  visual  acuteness,  Bjerrnm  has 
ftjund  (confirmed  by  Treitel)  tliat  with  diminished  illumination  the  lessen- 
ing of  tlie  field  in  amblyopic  eyes  which  are  not  hemeralopie  is  nnieh  less^H 
iu  comparison  with  normal  eyes  than  when  they  are  cxamincnl  by  daylight  ^1 

Concentric  contraction  of  the  field  of  vision  for  whit^e,  w^ith  a  reduction 
of  the  color -area,  is  pathognomonic  of  disturbautx'  resulting  from  neurosis. 
Here  win  lie  fouuil,  as  provtHl  on  Forster's  [jhotometer,  a  slow  adaptation 
as  compared  with  the  noi*mal  eye. 

The  normal  eye  {len-eives  the  lines  on  Forster's  diagram  through  an 
oi>ening  of  the  diaphragm  of  two  mill i metric  square  after  one  and  a  half 
or  two  minutes'  ex|>osnre,  wJiile  iii  the  diseased  condition  this  result  can 
be  obtained  only  after  ten  or  fifteen  minutes'  time,  according  to  the  gmvitj* 
of  the  case  and  the  high  degre*^-  of  contraction  of  the  field,  as  sometimes 
seen  iu  hysterical  women,  iu  whose  cases  a  half-hour  may  elapse  before  it 
can  lie  actx>mph8hed. 

In  wntrast  to  hemeralopie^,  patients  suflTering  from  pnni^ly  functional 
nervous  disturbances  of  sight  are  uyctalopic.  If  such  patients  are  examined 
after  adaptation  (as  Aubert  undcrstauds  the  t^rm)  has  taken  place,  the  field 
of  vision  will  he  found  to  bt^  either  normal  or  considerably  enlargi'th 

The  pathological  ajipcaranc^es  of  the  fields  of  vision  of  such  patients  are 
also  explained  by  tlie  slowness  of  the  recovering  processes  of  the  retina  in 

1  Archiv  fiir  Ophthalmologie,  ixxUi,  2,  97. 

*  Wulf  bervj,  Artrhiv  fiir  Ophtlmlmo!ogie,  xxxi.  1,  unci  xixni.  L 

*  Arcbiv  fiir  Opluhalmologje^  %xx\.  1,  xxxiv.  3,  and  xxxvii.  2. 
'  Auberti  Gruefe  und  SaemUdi,  Htmdbuch  der  gesamniteD  Aug^nheilkunde,  ii.  586. 
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darkness ;  either  beoaiise  tlio  blixxl  of  such  jmtients  furnishes  a  mucli  less 
useful  material  for  the  raj>id  ri^*overv  ol"  the  visual  subatauce  tiiat  has 
been  decomposed  by  the  action  of  light  than  iu  nurmal  eyes,  or  because 
the  slow  recovery  of  the  dtHt>m posted  substance  dc[K^nds  uik>u  oentrifugally 
conducting  nervci^  in  tlie  o|jtic  tract. 

In  regard  to  the  varieties  of  defects  of  the  peripheral  zone  of  the  visual 
field,  three  forms  cau  l>e  distiuguishwl  :  (1)  General  equally  comHjntric 
contraction.  (2)  General  concentric  contraction  with  secti>r-like  defects. 
(3)  Peripheral  zonular,  or  sector-like,  or  plaue-like  defei-ts  extending  from 
a  certain  point  on  the  jieriphery  more  or  less  closely  to  the  jxjint  of  fixa- 
tion, while  the  remaiuing  portion  ajuM^ai'^  almfist,  if  not  quite,  normal. 

If  the  defect  is  absolntc,  all  light -sen  sat  ion  disapiK^ara  out  of  the  area. 
To  determine  the  limits  of  such  defect  it  is  necessaiy  to  employ  intensely 
bright  objectj^.  MortMivert  all  the  surronnding  or  neighboring  scotomata 
sbow  areas  wliich  are  iu  flirert  proportion  to  the  ni'/Ai  of  the  object  used.  In 
all  this  work  the  size  aud  brilb'ancy  of  the  object  employed  should  be  noted. 

The  relation  of  tbe  dt^fe^L-t**  of  the  field  of  vision  to  the  vertical  meridian 
makes  the  positiou  of  the  lield  very  important.  The  vertical  meridian 
divides  the  eye  into  a  smaller  nasal  and  a  larger  temporal  portion.  The 
pn>|ML»rtion  of  the  latter  to  the  former  is  from  two-tliiixls  to  one-third. 

The  course  of  tlie  optic  nerves  is  so  armngal  that  those  paits  of  the 
retina  of  each  eye,  rn  to  fs  and  rd  to  fdj  which  lie  on  the  left  side  of  the 
fovea  centralis  fo  and  fd  (Fig.  12) 

are   connected  with  the  left  optic  _ 

centre  of  perception  Low  in  the  left 
hemisphere,  so  that  the  nerve- fibres 
of  the  nasal  part  of  the  retina,  rd 
to  fdf  of  the  right  eye  rim  to  the 
optic  tract  of  the  left  side,  7>,  as 
a  crossed  fasciculus  throiigh  the 
chiasm.  The  temix>ral  part  of 
the  left  retina*  rs  to  fs,  of  the  left 
eye,  however,  sends  nerves  as  a  lat- 
eral or  uncrossed  fasciculus  into 
the  optic  tract  of  the  same  side,  Ts, 
CoDsequcntly  tlie  temporal  {mrtions 
of  the  retina  of  each  eye  are  (.con- 
nected with  tbe  optic  centre  of  tiieir 
n^pective  side,  and  tlie  nasal  por- 
tions with  the  optic  centre  of  the 
opposite  hemispliere.  If  tbe  right  visual  centre  Row^  or  the  corres]x)nding 
nerve  tract,  TV,  is  destroyed,  those  parts  of  the  retina,  fo  to  rs  and  fd  to  rd, 
which  lie  on  the  right  side  of  the  two  fovemfo  and/<f  w^ll  have  their  func- 
tion destroyed,  while  the  related  parts  of  the  fields  of  vision  will  become 
defective. 

Vol.  ir.^14 
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As  that  part  of  the  retina  lying  nasally  from  the  fovea  centralis  is 
almost  twice  as  large  a^  that  lying  temporally,  so  the  surface  of  the  tem- 
poral portion  of  tlie  visual  fit»ld  is  almost  twice  as  large  as  the  Dasal  sur- 
fejoe  of  the  same.  The  dividing  Hoc  of  the  two  parts  of  the  field  lies  nearly 
always  in  tlic  vertical  meridian,  or  at  least  rntis  quite  near  it.  As  the  fibres 
coming  from  tlie  na,sid  parts  of  the  retina  cross  one  anotlier  in  the  chiasm, 
and  as  the  fibres  coming  IVom  the  temporal  parts  of  tlie  retina  do  not  cposs 
before  uniting  with  the  optic  fibivs  coming  from  the  nasal  part  of  the  op- 
posite retina,  so  morbid  processes  which  meet  the  cltiasm  in  the  direction 
frfr  (Fig,  12)  or  the  tracts  J)i,  Ti\  or  larther  back,  must  produce  field  defects 
whicti  lie  at  corresponding  places  laterally  from  the  veitical  meridian.  If 
the  chiasm  is  destroyed  in  the  position  fr  or  fr  {Fig.  12),  a  bi temporal 
defect  in  the  field  of  vision  occurs,  showing  functional  interruption  of  the 
nasal  sides  of  the  two  retina\ 

As  it  often  happens  that  bedridden  patients  nnist  l)e  examined  while 
lying  down,  the  author  has  constructed  an  ai>paratus  which  he  terras  a 
b^-penindtr.     (Fig.  13.)     A  woodi'n  board  (a),  the  breadth  of  which  is 

Fig.  13. 


equal  to  the  length  of  the  primeter,  and  the  length  of  which  equals  the 
width  of  the  Ijcd,  is  made  so  that  it  can  be  raised  or  low^ered  like  a  reading- 
desk,  A  second  b<mrd  (6),  which  can  l>e  yArnvd  at  any  dcgrR^  of  inclination 
upon  two  perforatt^  irons  (e),  is  support*^!  by  putting  a  little  iron  pin  {d) 
into  a  series  of  holes.  Upon  the  lx>nrd  b  is  placed  the  jieri  meter.  The  board 
b  is  conncK^tcd  with  the  Iward  <7,  on  the  side  turned  towanls  the  patient,  by 
means  of  two  hinges,  which  arc  plaocit  nwir  the  corners.  Both  Ix^ards  be- 
tween the  hinges  are  hollowed  out  so  as  to  fit  the  regions  of  t!ie  chest  and 
abdomen.  The  jx-rimetcr  itself  is  snpportcil  below  by  a  clamp  (/),  which 
IS  fixed  vertically  to  A.  The  board  a  is  snpportcd  by  four  wooden  scre^^ 
{ff),  which  are  fastened  by  paii-s  to  a  rather  narrow  board  (A)  resting  hori- 
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kontally  on  the  lateral  Ixtl-bcmnls,  On  the  board  h,  near  the  outer  end,  is 
placed  a  elamp  (/r),  so  ils  tn  prevent  the  vvliole  apparatus  from  moving  side- 
ways. A  head-rest  is  so  arranged  that  the  chin  of  the  patfeot  can  be  brought 
into  ft  comfortable  position  on  the  ehiii-rest  of  the  instrument.^ 

The  Binoeidar  Field  of  Vmon, — As  patients  nearly  always  judge  their 
visual  defei^ts  binoeularly,  we  must  also  consider  the  binoeidar  field  of 
vision.  Inasmuch  as  uiuler  normal  conditions  of  the  eye-muscles  the  linc^ 
of  sight  of  both  eyes  cross  each  otlier  at  /^{Fig.  H),  the  veiiic^al  meridian 
running  througli  F  is  ajuinion  to  both.  The  nasal  jwrtion  of  the  field 
0 — HD  —  V  of  the  right  eye  takes  its  place  in  the  temporal  part  of 
the  field  of  vision  0  —  RS — v  of  the  left  eye  ;  the  field  of  the  right  eye 
alone  being  O  —  R^l)  —  v  —  It  J  J — 0.  The  na&al  portiun  of  the  field 
of  the  left  eye,  whose  monocular  part  is  repi^esentc^d  by  O —  /i**S' — v  — 
R^S —  O,  IS  likewise  auah»g*His»  Bc^th  nastd  parts  of  the  field  nieet  in  the 
veitiad  meridian,  and  to  a  certain  extent  they  form  a  smaller  field  of  the 
size  O  —  RD^  v  —  R^S —  0-  To  this  the  binocular  field  of  vision  adds 
the  tem|ioral  portions  ivf  the  fields  of  both  eyes.  If  the  opti**  ehiasni 
(Fig.  VI)  is  destroyed  in  the  direction /r//%  then  both  temporal  parts  of 
the  visual  field  will  be  missing,  and  (Fig.  14)  consist  of  the  two  remaining 
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Binocular  fields  of  tMod. 

portions  alone.  Fig.  12  shows  that  all  that  lies  in  the  binocular 
Jd  of  \nsion  on  the  left  side  from  F  and  the  vertical  meridian  resj^ec- 
tively  is  perceived  by  the  right  optic  centre^  and  all  that  lies  on  the  right 
side  fi*om  Fm  seem  hy  the  left  optic  centre. 

Through  experiments,  especially  those  of  v,  Gudden,  it  has  been  deter- 
mined that  the  nucross^xl  fibres  (>f  the  optit*  nerves  (Fig.  12,^)  increase  in 
thickness  with  the  size  of  the  binocular  field  of  vision.  In  the  lower  verte- 
brates a  total  crossing  of  the  optic  nerves  takes  place,  IxKianse  their  eyes  are 

>  This  apparatus  can  b«  obtained  from  John  Pkmbeck,  of  Hamburg,  Qenuaoy. 
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placed  so  far  to  the  sides  of  the  head  that  ati  object  caDiiot  be  ^een  simi 
Deously  with  the  two  orgims.     lu  higher  tiianimala — iov  example,  thedtjg- 
— the  eyes  are  moved  farther  to  the  front,  and  consequently  objects  lying 
straight  in  front  and  near  the  pr*L»hmgation  of  tlie  median  line  of  the  knlf 
ai^  seen  by  Jxitb  eyes  at  the  same  time,  so  that  in  this  aniinal  a  small  bin- 
o*.*ular  field  of  \'ision  is  formed.     Here  the  fovea  centralis  lies  entirelr  in 
the  nasal  ]H>rtiou  of  the  retina.     In  the  bnman  8i>ecies  both  eyes  lie  inM 
the  frontal  plane,  so  that  the  biiioevilar  visual  fields  fall  upon  one  another  ™ 
and  in  conse<|uenee  have  a  eommon  fixation-pjint. 

In  the  hiuoeular  field  of  %*ision  MariotteV  spot  cannot  be  determinal 
experimentally,  lying  as  it  does  on  the  riglit  and  left  sides  of  the  field  ia  each 
temporal  i>urtiun,  Mort^over,  in  the  common  field  of  vision  thecorresp>tt<l- 
ing  jiarts  of  the  nasal  halves  adjust  the  light-scoisation  for  their  respeetive 
platt^s.  The  monocular  defects  lying  in  the  region  uf  the  common  fieW 
(0  —  RD  —  r  —  R^S  —  0,  Fig.  1 4)  may  theivfore  disappear  in  the  hin- 
ocnlar  field  oi'  vision,  providtil  that  those  parts  which  c^ver  one  another 
remain  normal  in  each  eye. 

In  disturbances  of  the  binocular  fixation  the  extent  of  the  binocular 
field  of  vision  undei^oes  certain  mtKlifi cat  ions. 

If  the  binocular  field  of  vision  of  a  squinting  person  be  mea-sured,  its 
lateral  extent  will  not  corres]>oud  with  the  size  of  the  temporal  parts  of  tbe 
fields  of  Ixjth  eyes,  this  being  depeudent  upon  the  relation  of  tbe  eyes  to 
each  other.  In  pronounced  cases  of  convergent  strabismus  the  field  of 
the  squinting  eye  will  lie  (if  the  resulting  position  be  considered)  alraosl^ 
entirely  in  the  field  of  the  non -converging  eye.  S 

In  Fig.  15,  which  represents  convergent  strabismus  with  a  squinting 
right  eye,  the  limit  of  the  binoenlar  field  of  vision,  w4iieh  should,  in  nor* 
lual  binocular  fixation,  lie  towards  the  right  in  PA,  lies  in  i?'i)  just  aa 
long  as  the  right  eye  {r.d  —  rd)  is  squinting  inward.  The  image  of  tlie 
fixed  object  Fs  falling  on  the  piirt  of  the  right  retina  ?/  lies  inward  fri>ra 
the  fovea /f/.  That  [>art  of  the  cortiml  visual  centre  which  lK?longs  to  ibe 
region  y  of  the  retina  gradually  acquires  the  liabit  of  suppi-essing  the  per- 
ceived images  (regional  exclusion)  in  the  interest  of  simple  binocular  sight, 
because,  through  divcrgen<?e  of  tbe  eye,  it  l>ecomes  ntvcssary  to  divert  \ht  m 
attention  from  the  image  of  the  stpiinting  eye  and  diix?et  it  upou  that  uf  the  B 
fixing  one.  However,  as  the  exclusion  of  images  by  the  squinting  eye  is 
pmrtisi^l  only  to  avoid  double  vision,  the  habit  is  appliixl  to  stieh  objects 
alone  as  pruject  their  images  into  both  eyes, — ^tliat  is  to  say,  to  those  images 
which  are  in  the  common  part  of  tlie  field  of  vision.  If  the  olyect  advano 
into  that  pirt.  of  the  tcinj>rn"al  half  of  the  field  of  the  sipiinting  eye  wbe 
it  can  no  longer  be  s(:^*n  by  the  other  eye  (Fig.  IB^x —  i?'jD),  then  the  imai 
is  no  longer  suppresses!  in  the  squinting  eye.  The  extent  of  the  bin<jcukri 
field  of  vision  in  moderate  degrees  of  csmvergent  strabismus  is  practically 
somewhat  less  than  that  of  the  non-stjuinting  eye*  That  part  of  the  reti 
in  which  no  suppression  of  the  image  tiikes  place  remains  in  constant  pi 
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tioe,  and  in  consequence  retains  a  fair  visual  power^  while  other  portions  of 
the  retina  gradually  lessen  their  sensibility. 


Fig.  16. 


RD 


ViioAl  field  in  oonvergent  strabiimaa. 


It  can  be  easily  seen  from  Fig.  16  that  the  binocular  field  of  vision  in- 
creases in  divergent  strabismus.  The  exclusion  of  the  images  of  the  squint- 
ing eye  in  the  region  of  the  common  field  of  vision  must  be  r^arded  as  a 
process  occurring  outside  of  the  sphere  of  pure  sensory  activity. 

In  monocular  squint  a  congenital  amblyopia,  in  which  the  visual  acute- 
ness  is  reduced  to  the  ability  to  see  to  count  fingers,  is  often  found.  In 
this  form  the  ophthalmoscopic  appearances  are  normal,  and  color-sensibility 
for  small  objects  is  retained.     Usually,  without  any  trace  of  a  central  sco- 


Vifoal  field  in  divergent  BtrabiBmua. 

toma,  the  visual  acuteness  of  the  fovea  centralis  is  so  slightly  different  from 

the  perimacalar  region  that  the  eyes  oscillate  in  order  to  find  a  suitable 

ntinal  Bpot  for  a  fixation-point.     From  this  circumstance  the  conclusion  is 

Tivad  St  tint  aiider  such  conditions  the  physiologically  favored  macula 

k  equals  or  approaches  in  functional  value  that  of  the  sur- 
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rounding  retinal  zones.  This  supjxjsition  is  further  substantiated  by  the 
fact  that,  like  the  peripheral  retinal  regions  of  the  normal  eye,  during  eon- 
tinued  Hxation,  the  images  rapidly  become  confused  and  disappear,  Oo 
aecHjnnt  of  these  facts  it  can  readily  be  understood  that  under  such  circam- 
Btanees  perimetry  must  be  difficult. 

A  definite  criterion  for  amblyopia  exanopsia  is  not  yet  possessed.    A 
differential  diagnosis  can  be  arrived  at  only  I jv  exclusion.     Groenouw  iol'! 
been  able  to  prove,  by  means  of  observations  ujx)n  the  aeuteness  of 
for  points,  that  in  one  ease  the  amblyopia  was  caused  by  a  defect  of 
visual  centre,  and  has  sliown  that   jK^ripheral  sight  was  normaL     Id  hii! 
case  the  ls(*pter  io  the  immediate  neighborhood  of  the  puint  of  fixatioi 
(the  isopter  found  for  an  object  point  of  a  quarter  of  a  millimetrej  ex^ 
tended  in  the  sound  eye  nearly  half  a  degree  farther  towaixli*  tlie  periphery 
than  in  the  amblyopic  eye. 

Cases  of  congviiital  ainblyoj>ia  in  which   the  fixation  is  norma]  must     . 
have  their  fields  of  vision  studied  with  diminished  illumination  in  order  to  ■ 
make  a  differential  diagnosis  betwt^Hi  tfiem  and  a  eijcxistent  hemeralapia* 
In    t?<ingenital    amblyopia    the    iuuetional    disturbance   always   affects  ihe 
macula  lutea  and  the  temporal   portion  of  the  retina  in  preference  to  the 
nasal  part  of  the  retina,  whicli  functions  wholly  or  incompletely* 

As  a  rule,  the  non-suppressed  monocular  part  of  the  field  of  the 
squinting  eye  is  not  projei'ted  in  the  direction  of  the  outer  world,  which 
it  should  be  in  acconlanoe  with  the  law  of  identity.  That  is  to  say,  it  U 
not  projected  in  a  direction  which  is  in  opposition  to  the  diverging  eye, 
but  directly  joi LIS  the  field  of  vision  of  the  otlier  eye.  This  is  probably 
explained  by  the  exf>erience  through  which  the  squinting  subject  finally 
acquires  an  idea  of  the  divergence  of  the  eye,  and  by  which  he  is  taught 
to  correct  the  deviation  by  a  changed  projection. 


SPECIAL   PART. 

In  order  better  to  undei'stand  the  significance  of  the  visual  fields  ia 
the  diagnosis  of  disturbances  in  the  visual  apparatus,  it  seems  best  to  makr 
the  following  divisions:  1,  the  orbitil  portions  (eonsistiug  of  retina^  optic 
papilla,  and  chorioid);  2,  the  optic  nerves;  3^  the  optic  chiasms;  4,  the 
optic  tracts  j  5,  tlie  primary  optic  centres  ;  6,  the  intra-eerebral  tracts  lead- 
ing to  the  cortical  centres ;  and,  7,  the  visual  centivs  in  tlie  cortex  of  the 
brain. 


( 


I. 


THE  VISUAL   FIELD   IN   DISEASES   OF  THE   RETINA    AND   CHORIOID. 

As  the  outer  layers  of  the  retina  are  chiefly  nourished  from  the  chorioidal 
capillaries,  we  often  find  a  pathological  chansr^  in  the  outer  layers  of  the 
retina  as  a  consequents  of  disease  of  the  chorinid.  It  is  also  found  that  in 
diseased  conditions  of  the  chorioid  the  contiguous  patches  of  the  cater  layer 
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of  the  retina  iii  contact  become  involved^  presenting  differences  from  dis- 
eases of  the  inner  layers  of  the  retina.  Although  in  diseases  of  the  inner 
retinal  layers  (changes  in  the  retinal  vessels,  hemorrhages,  oedema,  sclerosis 
of  the  nerve-fibres,  fatty  defeneration,  etc.)  we  usually  find  only  a  certain 
d^ree  of  amblyopia,  without  any  characteristic  defect  of  the  visual  field, 
yet  in  affections  of  the  outer  layers  of  the  retina  scotomata  soon  appear 
in  patches  where  the  nourishment  of  the  delicate  structures  is  altered  by 
the  disease-processes.  At  their  commencement  these  patches  can,  as  a  rule, 
be  demonstrated  only  by  perimetry  with  diminished  light. 

In  order  to  make  as  clear  as  possible  the  general  symptomatology  of 
diseases  of  the  optic  disk  and  inner  layers  of  the  retina  (the  nerve-fibre 
layers  of  tlie  retina)  in  contradistinction  to  that  of  the  outer  retinal  layers 
(epithelial  nerve-layers),  as  well  as  the  chorioid  (as  affected  in  chorioido- 
retinitis),  the  author  has  compiled  the  following  table : 

TABLE   I. 

GXNEBAL  8TMPTOMATOLOOT. 

Diseases  of  the  optic  nerve,  optic  papilla.      Diseases  of  the  outer  layers  of  the  retina 
and  innermost  layers  of  the  retina.  and  of  the  chorioid  (retino-chorioiditis). 

Perception  of  Light 

Dark  objects  on  a  white  ground  picked  out      Torpor  retinn. 
as  well  or  almost  as  well  as  with  healthy 
eyes. 

Field  of  Vision  by  Diminished  Light 

The  eye  acts  as  a  sound  one,  and  shows  the      By  diminished    light   the   field  of  vision 
same  faults  as  by  ordinary  daylight  il-  shows     either    concentric    diminutions, 

lamination.  zonular  defects,    or    central    scotomata, 

while  in  these  cases  by  full  daylight  no 
defects  can  be  found,  or  by  diminished 
light  the  small  defects  that  are  obtained 
by  full  daylight  will  appear  increased 
and  more  intense. 

Form  of  the  Defects  of  the  Field  of  Vision. 

Mostly  concentric  limitation  with  sector-      Large  irregular    defects  with    zones    and 
shaped   re-entering  angles.     The  field  of  islands  (visus  reticulatus).     Circular  sco- 

color-perception  is  diminished  as  com-  tomata. 

pared  with  that  for  perception  of  white. 
Central  scotomata  with  diminution  of  the 
field  of  vbion  on  one  side  are  present. 

Nature  of  the  Scotomata. 

Central  and  peripheral  negative  scotomata      Central  and  peripheral  scotomata  are  posi- 
which  are  not  recognizable,  but  in  which  tive,  being  recognized  as  dark  spots, 

objects  are  not  ordinarily  xeoognized. 

XTfoally  better  by  'tifn***mMii  i  '  by  diminished  illumi- 

nyotalofiia  ezkla.  "lists. 
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TABLE   l.—(Chntinued.) 


Perception 

Typical  disttppeamnoe  of  oolor  from  the 
vUunl  field  :  green  goes  first,  then  red, 
and  lastly  blue.  Zones  of  dulled  percep- 
tion to  cnlur  (colt>r-blitjdnes5)  to  abso- 
lute loss  of  power  of  perception  of  color. 
In  partial  optic  atn^phy  tlve  fields  of 
white-  and  color-perception  approximate 
towanifi  the  point  of  disease. 


(/  Color, 

In  ordinarj-  daylight,  ooacentrically  limiy 
field  boundaries.  In  clear,  full  dajligiA 
the  colors  appear  in  the  disea^  wm 
just  OS  the  J  do  by  diminished  U8:bt  10  tit  j 
noTTOHl  eye.  In  the  disturbed  p^jrtion  of 
the  field,  ^reen  appears  blui&b,  yellow 
appears  reddish,  and  violet  appears  u 
gray. 


Not  present. 


Metamorphcfpna  (Retinai), 
Common* 


CONGENITAL   ANOMALIES, 

3IediiUakd  Nerve- Fibres, — Here  there  is  an  Lrregnlar  eulargeraent  of  the 
blind  Bpot,  the  expansion  eorrespondiflg  to  the  direction  of  the  extent  of  the 
anomaly.  In  some  cases  where  the  meduUation  is  not  opaque  it  is  not 
possible  to  deruonstrate  any  increase  in  the  blind  sjiot. 

Rciuud  and  Ckorioklal  Cbl&bonmta. — ^The  exact  size  of  coloboniata  of 
the  rdmal  tunic  can  be  established  only  by  tlie  |^>erimeter.     It  is  in  this  nol 
sufficient  simply  to  discover  the  presence  of  a  defect  in  the  field  of  visi* 
by  means  of  the  white  examining  object,  fur  there  might  be  a  relative  defc 
due  to  a  congenital  diseiuse  of  the  ehorioid,  ^vith  particijmtion  of  the  wi 
sponding  p<jrtion  of  the  retina,  because  it  is  absolutely  necessary  that  in  the 
retinal  colobomata  no  perception  of  the  most  intense  light  exists. 

For  this  ix?iison  Lindsay  Johnson*  has  had  a  small  electric  lamp  con- 
structed, so  that  by  means  of  a  lens  all  tlie  rays  are  made  parallel.     This 
can  be  used  as  an  examining  object  in  the  Bliding  apparatus  of  Forsters 
perimeter.     By  this  means  the  deficiency  of  each  and  every  j>ercepiioa  of 
light  over  the  region  of  the  coloboma  may  be  obtained,  and  thus  the  actiml 
size  of  the  defect  demonstrated  by  tlie  perimeter.     Retinal  cololx>mata  dtq^l 
ated  below  the  papilla  cause  corresponding  defects  in  the  upjier  jiart  of  tb^" 
field  of  vision.     Such  defects  may  extend  into  the  field  towartls  the  Wind 
spot     (Fig.  17.)     The  field-defect  often  does  not  corresi>ond  in  size  witiH 
the  ehorioidal  cololxjnmta  as  seen  w^ith  (lie  opiithalmoscope.    The  rea^cja  (<^^ 
this  is  that  the  portions  of  tlie  retina  lying  near  or  in  contact  witli  the  colo- 
boma of  the  chorioid  are  only  more  or  less  distnrl>ed  in  their  developnicDt 
In  constfquence  it  h  the  retinal  defect  alone  that  corresponds  to  the  viai 
defect  J  as  demonstrated  by  the  |)enn»etri(]^l  examination  made  in  a  pa 
darkened  room  with  a  Liod.say  Johnson  lamp. 

The   same  thing  octvurs   in    the   so-call«l    extra-papillary  colobomi 
which  Lindsay  Johnson  considers  to  be  caused  by  atrophy  of  oongeni 
nffivi  of  the  chorioid.     In  these  eases,  as  well  as  those  of  the  true  macular 
colobomata^  whichj  ac^xirding  to  the  experience  of  this  author,  occur  ocd* 
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sionally,  the  extent  of  the  scotoma  correHponds  to  the  size  and  the  shape  of 
the  coloboma  in  but  slight  measure,  as  shown  by  the  ophthalmoscope.  Fur- 
ther, the  scotomata  as  observed  with  the  electric  lamp  are  smaller  than  those 
that  are  determined  with  white  paper  disks.  In  one  case  no  scotoma  could 
be  made  out  during  the  examination  with  the  white  paper  disk.  This 
was  because  the  portion  of  the  field  of  vision  which  held  the  scotoma  was 
limited  to  the  innermost  bounds  of  the  scotoma.  Only  ailer  examination 
with  the  electric  lamp  was  it  possible  to  make  the  scotoma  appear. 


Left  field. 

Congenital  conns  on  the  inner  lower  margin  of  the  optic  disk,  caused 
by  actual  absence  or  imperfect  development  of  the  retina,  which,  according 
to  WoUenberg,  is  common  in  the  mentally  diseased,  shows  itself  in  an 
enlargement  of  the  blind  spot.  According  to  Manz,^  the  position  of  the 
defect  in  the  visual  field  in  such  cases  is  upward.  Sometimes  it  extends  as 
far  as  the  fixation-point. 

Retinal  hemorrhages  do  not  generally  cause  disturbance  in  the  field  of 
vision,  unless  they  occur  at  the  macula.  The  large  cup-shaped,  round,  or 
oval  hemorrhagic  foci  in  the  neighborhood  of  the  macula  lutea,  situated 
between  the  retina  and  the  lamina  vitrea,  cause  positive  central  scotomata. 

In  the  course  of  resolution  of  such  a  hemorrhage  the  defect  grows 
smaller  and  gradually  disappears.  Sometimes  a  minute  area  of  degenera- 
tion remains  in  or  near  the  macula,  and  in  consequence  leaves  a  small 
scotoma.  As  the  blood  is  situated  between  the  arterial  layer  of  the  retina 
and  the  vitreous  humor,  the  rods  and  cones  remain  intact,  and  the  patients 
perodve  the  scotoma  as  red  spots.  Later  everything  appears  yellowish  or 
grayish. 

&iiaU  tongae-diaped  or  roundish  hemorrhages  in  some  cases  cause  the 


Tf^nA|pi^t>  ^m  gesammten  Augenheilkunde,  ii.  79. 
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appmrancM^  of  set*tar-sliaptiJ  defeats,  especially  if  the  hemorrhages  are  present 
in  large  qtianlities  in  the  region  of  a  large  vessel. 

In  suoh  oasi'S  the  field^tleft'et  is  caused  by  a  lessening  in  the  nourish- 
ment of  the  retina  fvom  iotc^rferenee  with  tlic  circulation  of  the  bloo<l  in 
the  diseai^ed  vessels,  and  secondiirily  by  the  dioptric  disturbance  which  the 
Iiemorrhage  causes. 

The  author's  ex{>er fence  leads  him  to  believe  that  those  retinal  lieraor- 
rhages  wliich  occur  in  consequence  of  disease  of  the  blood,  such  as  pernicious 
auEemta  and  leukaemia,  cause  less  changes  in  the  field  of  vision  ttian  patho- 
logical processes  which  attack  the  walls  of  the  blood-vessels,  as,  for  instancei 
atheromatous  degeneration. 

The  field  of  vision  for  white  is  irr^ularly  diminished,  with  almost 
always  an  irregular  central  scotoma.     Fig.  18  shows  an  absence  of  oolor- 
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perception  in  the  lower  part  of  the  field  corres|x»nding  to  the  position  of  the 
most  disturlxnl  portions  of  the  retina. 

It  is  remarkable  that  these  conditions  often  occur  unilaterally.  Some- 
times, usually  early,  the  changes  appear  in  but  one  position  of  the  field. 
Analogous  changes  aiv  caused  by  disease  of  tlie  retinal  vessels  found  in  late 
forms  of  cerebral  syphilis.  At  the  same  time  fiK-i  of  disease  may  oiTur  in 
consequence  of  thrombosis  in  the  cerebral  vessels,  so  that  it  may  happen 
that  fields  of  vision  (like  those  seen  in  Fig.  19)  in  which  the  n^inal  disease 
has  already  prtwluccil  changes  may  iMvtmie  complicatefl  by  a  homonymous 
hemiannpsia.  The  fields  of  vision  in  Fig.  19  were  taken  from  a  case  of 
cerebral  syphilis,  with  subsefjuent  mania  and  deatli  from  ajxjplexy. 

In  those  cases  of  aibumiintrie  rdiHifia  iu  which  the  changes  are  marked 
about  the  macula,  and  the  patients  comfihtin  that  everything  seems  to  be 
covered  with  a  greenish  sheen,  it  will  often   be  found  that  when  the  field 


of  vision  is  examined  with  siiiall  a>lori*d  objects  the  color- perception  over 
isolated  areas  iu  the  iiiai-ular  region  is  weiikeiied.  Tlicre  is  an  irregular 
fiootonm  for  wliite  and  colors  only  where  the  ehauges  are  well  developed 
and  marked  at  the  inaeulti,  or  where  tliere  are  hemorrhages  into  tliis  portion 


Lea  field. 


of  the  retina.     Sometimes  the  j>erip!ienil  boundary  of  the  visual  field  is 
irregularly  diminii^hed,  Ijeing  at  times  piv>duced  by  au  optic  neuritis. 

Apoplexies  often  occur  which,  when  the  hemorrhage  involves  the  path 
of  optic  eonduetion,  may  learl  to  homonymous  hemiaii<>|>sia.  Oo^sionally 
a  temporal  hemianopsia  may  1k^  reco^nizKl,  It  is  evident  that  the  addition 
of  hemianopeia  to  a  neuritis  or  a  retiual  detachment  increases  the  complica- 
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tions  in  the  field  of  vision.  Such  a  field  of  vision  is  sliown  in  Fio^.  20. 
In  this  case,  beginning  witli  a  normal  field,  an  ineoniplete  left-sidetl  homony- 
mous hemianopsia  appeai\H:l  (the  cross-hatched  portion).  Later  an  attack  of 
neuro-retinitis  occurre*]  in  kith  eyes.  During  the  eourse  of  this  the  single- 
lined  portion  of  the  field  luHt  all  visual  power,  halving  only  the  small  hori- 
zontal oval  area  aetive. 

In  that  rare  fibrin  of  disease  deserihed  by  von  Graefe*  as  ceriiral  rdapsing] 
sypkiUHc  rdinUis  there  is  a  characteristic  disturbance  of  vision, — a  series 
of  sudden  onsets  of  a  central  darkening  of  vision,  with  the  later  develop- 
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men!  of  an  irregularly  central  permanent  scotoma,  which  may  extend  as  ' 
a  sector-shapetl  area  to  the  field  ijeriphery.     Ring  scotomata  (see  Fig,  5) 
have  also  been  observed. 

In  reiimiis  proliferam^  the  condition  of  the  visual  capacity  b  some- 
times surprisingly  gi>ud,  when  considered  in  contrast  with  the  great 
changes  shown  by  the  ophthalmoscope,  as  LelxT^  has  recoRlcd  in  one 
case.  The  field  of  vision  was  peculiar:  it  exhibited  regularly  arranged 
indentations  extending  from  the  periphery.  Later,  io  one  eye  almoslj 
the  whole  field  of  vision  was  lost  by  the  extension  of  the  process  in- 
ward towards  the  centre.  At  last  only  two  small  islands,  situated  at  the 
periphery,  remained. 

In  a  case  observed  by  the  author  at  a  comparatively  early  stage,  in 
which  the  thickening  had  spread  only  a  short  way  into  the  retina,  there 
was  an  irregular  seotx^ma  which  connected  with  the  blind  spot.  | 

In  mnbollsm  of  the  central  arteri/  of  the  retina  the  plugging  of  the  artery 


1  Archiv  fur  Ophthalmobgier  xiu  2,  211. 

'  Manz,  Art'hiv  ffir  Ophthalmologie,  xJtii.  3,  229. 

'  Gmefe  tind  Saemis^li^  Handliuch  der  geaammten  Augenlieilkiinde,  t.  668. 


iuces  sudden  and  cijraplete  blindness  of  the  affw'kHl  eye,  and  only  in 
those  rare  cases  in  wfiicli  the  lumen  of  tlie  vessel  is  not  completely  oc- 
cluded does  a  larger  or  smaller  portion  of  the  field  of  vision  recover  where 
there  is  a  plugging  of  the  small  bnindies  of  the  artery. 

At  the  commencement  there  is  a  darkening  of  the  whole  field  of  vision. 
This  is  soon  followeil  by  a  clearing  of  the  field  until  only  tliat  iKirtion 
from  which  the  blood-. su|tply  is  completely  cut  off  remains  blind.  This 
portion  is  either  situated  in  the  jKisition  shown  in  Fig.  21,  or  covers  the 
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npper  or  the  lower  half,  according  to  w^iicli  division  of  the  artery  is  plugged. 
The  defect  may  decrease  iu  size  in  a  few  weeks  as  a  consequence  of  the  re- 
establishment  of  CO  Ha  tend  circulation. 

The  slit-shaped  fields  which  oocur  in  embolism  of  the  central  retinal 
artery  are  ver}'  interesting.  Tliey  appear  when  the  twig  which  supplies  the 
macula  springs  from  the  main  artery  in  the  trunk  of  the  optic  nerve.  The 
field  of  vision  of  such  a  case  is  shown  in  Fig.  22.  The  acntcness  of  vision 
in  this  instance  remaine<l  normal. 

When,  ni  perforating  womuk  of  the  sclerotic  and  chorioid^  the  nerve* 
fibre  layers  of  the  retina  are  divided  in  a  circimi.scrilied  region,  the  percep- 
tive ix>wer  over  the  retinal  elements  which  are  in  the  involved  region  is  lost. 

The  disturbance  of  function  caused  by  the  division  of  the  nerve-fibres 
spreads,  aer<)i'ding  to  the  nty-like  distribution  of  thes*j  fibres  in  the  retina, 
as  a  8ect<ir-shapeil  defect  whose  ba,sc  lies  at  tlie  periphery  of  the  field  and 
whose  apex  coincides  with  that  uf  the  foreign  body.  The  loss  of  function 
is  greater  than  the  ophthalmosoopic  diagnosis  would  lead  an  observer  to 
imagine. 

In  the  cases  observed  by  Jacobi*  the  foreign  l>ody  was  situated  below 
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the  papilla.     The  form  of  the  defect  in  the  field  of  vision,  which  was  i 
Darrow  at  the  ceutral  end,  eori*espt>iided  accurately  with  the   bow-shaped 
course  which  the  nerve-fibres  ordinarily  take  in  the  neighborhood  of  the 
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macula.     Larger  wounds  whleh  perforate  the  s<:'lorotie  and  cause  loss  of 
vitreous  are  usually  followed  by  a  reparation  of  tlie  retina. 

In  Fig.  23  the  double-lined  portion  shows  a  defect  which  was  eaosed  by 
a  cleau-eut  wound  in  the  low^er  and  outer  part  of  the  sclerotic.     One  year 
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later  the  retina  wob  separated  txjwards  the  lower  i>art  and  exhibited  a  c 
in  the  visual  field,  shown  by  the  single- lined  shading. 

In  ruptures  of  the  chorioid  caused  by  blunt  objects,  the  retina  is  nol 
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generally  torn,  but  the  neuro-epithelial  layers  are  often  markedly  altered  by 
stretching  and  hemorrhage.  The  torn  area  is  ordinarily  situated  at  the 
posterior  pole  of  the  eye,  and  in  the  greater  number  of  cases  it  is  found  on 
the  temporal  side  of  the  disk.     Rarely  the  tear  is  horizontal. 

The  field  of  vision  is  disturbed  in  accordance  with  the  position  of  the 
injury.     Central  scotomata  are  observed. 

Fig.  24  shows  a  field  of  vision  from  an  eye  suffering  from  rupture  of 
the  chorioid.     The  break  was  caused  by  pressure  of  air  following  an  ex- 

Fio.  24. 


Left  field. 


plosion  of  a  dynamite  cartridge  which  the  patient  was  holding  between  his 
fingers.  The  double-shaded  portion  in  the  figure  shows  the  defect  which 
ultimately  resulted.     It  was  much  larger  at  first  (single-shaded  portion). 

The  acuteness  of  vision  rose  to  ^« 

Fig.  25  shows  the  field  in  a  case  in  which  a  bullet  from  a  revolver 
crossed  from  the  temporal  side  to  the  posterior  and  upper  part  of  the  eye- 
ball. Ophthalmoscopically,  at  this  point  dark  layers  of  pigment  with 
glistening  white  areas  could  be  seen.  At  the  beginning  hemorrhages  were 
present. 

In  conluaums  of  the  eye  clouding  of  the  retina,  which  is  obviously  due 
to  oedema,  is  met  with.  (R.  Berlin.^)  This  condition  is  followed  by  a 
moderate  decrease  of  visual  acuteness  with  temporary  concentric  diminution 
of  the  field  of  vision. 

Absolute  central  scotomata  are  known  to  be  caused  by  staring  at  the 
sun  during  eclipses.  These  may  disappear,  become  relative,  or  remain 
permanently  positive. 

In  the  form  of  blindness  resulting  from  bad  nourishment,  scotomata 
mppear  when    the    patients    are    examined    in  diminished   illumination. 

MoiUitsblatter  far  Augenheilkunde,  xi.  42-78. 
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(Foi-ster.*)  Alfrwl  Graefe  found  exactly  the  (jppisite  ti>  this, — that  is,  1 
periphery  of  the  field  of  vision  was  di??turl>ed.  The  measm^ment  of  tk 
field  of  vision  is  of  more  importance  in  ablatio  rdinm  thau  in  all  other 
diseases  affeeting  the  retina,  fur  it  definitely  determines  the  degree  of  change 
of  the  function  in  the  involved  portion.  Occasionally  during  the  first  fet 
days  the  function  ol"  tixe  retina  may  appear  to  be  but  slightly  altered 
Leber  ^  relates  a  case  in  which  the  whole  lower  half  of  the  rettim  was  sqi- 
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arat^l  and  ]Hished  forward  like  a  bafr,  and  in  spite  of  this  the  field  of 
vi sion ,  e ven  (hiring  a  si  i gh t  ly  da rkcncd  i  1  ki  ni  i  nat  ion ,  s h o wed  no  s igo  of      i 
diminution.     Central  vision  seemed  to  be  but  slightly  disturbed.  ^| 

The  sppii ration  ordinarily  occurs  suddenly.  It  becomes  perceptible  to  " 
the  [>atient  by  a  darkening  of  the  field  of  vision,  and  is  usually  described 
as  a  cloud  or  a  curtain  spread  before  a  pari  of  the  vistial  field.  At  the 
game  time,  on  account  of  the  flouting  of  the  still  acting  i*etina,  a  waving 
of  bodies  seen  in  the  corresi>onding  field  appears.  Morei^ver,  by  rea^n 
of  the  changcfl  position  of  the  cones,  troublesome  symptoms  of  distorted 
vision  may  ensue,  ^k 

In  addition  to  these  symptoms,  the  disturbed  area  of  the  field  of  viaon™ 
may  rise  t«  the  upper  part  of  the  field,  in  consecpienw  of  a  stnkiog  of 
the  fluid  to  the  lower  part  of  the  eyeball      Thus  those  portions  of  th^ 
retina  which  ivere  separated  may  again  come  in  contact  with  the  chorioid 

and  i-esume  their  function.     S^imetiines  such  cases  may  present  n  picture  iu 

slight  measure  resembling  bilateml  upward  hemianopsia.     This  is  sho^ 
in  Fig.  26. 

1  tJebpr  Hemeralopie  utid  die  Anwendung  einea  Photometero  im  Gebiete  der  Ophtl 
mologie,  Breslau,  1857. 

'  Graefe  und  Saemisch,  HaDdbuch  der  geEatnmten  Augenbellkuadei  ▼.  694. 


As  every  separation  of  the  retina  has  a  tendency  to  increase  in  size,  the 
defect  in  the  field  of  vision  gradually  augments  until  only  a  slight  peroep- 
tioD  of  light  in  tlie  lower  j>art.  of  the  field  remains.  The  apparent  size  of 
the  separation  as  shown  by  the  oi>hthalniosco[)e  is  not  always  represented 
by  a  similarly  sized  defect  in  the  field  of  vision.  In  cases  of  visual  field- 
defect  without  any  demonstrable  elevation  of  the  retma,  the  visual  power 
Vol.  II.— 15  * 
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may  be  so  much  improved  that  no  eccentric  visual  disturbance  v^u  be 
shown  in  ortlinary  dayliglit.  In  Biieh  easels  the  field-defect  may  \ye  demon- 
strated  by  means  of  diminished  illumination. 

The  disturbance  of  functiun  of  the  8e|>arat«d  retina  de|iends  priuripally 
on  the  changes  wrought  in  the  rod-and-cone  layer  of  the  retina.  These 
delicate  elements  become  macerate<l,  producing  torpor  retinte.  In  such  cases 
it  often  hapi>ens  that  t^ntral  acuteneRS  of  vision  is  disturbe^l  on  cloudy 
days.  lu  thes^  instances,  however,  the  defects  in  the  Held  of  vision  are 
better  shown  by  diminished  illumination  than  by  daylight. 

If  tlie  retina  has  been  separated  only  a  short  time,  and  no  anatomical 
changes  of  its  inner  layer  have  occurred^  tliis  part  may  regain  its  origi- 
nal power  of  perception  of  light.  It  is  to  this  form  of  torpor  retinfle  that 
the  phenomenon  of  a  dark  cloud  or  wall  similar  to  that  seen  in  positive 
scotomata  is  to  l>e  ascribed.'  The  reason  for  this  is  that  by  daylight  the 
separateil  and  sound  portions  of  the  retina  are  excited  by  almost  equal 
strengths  of  stimulus.  When  less  illumination  is  used  the  stimulus  in  the 
separated  region  is  loweretl,  and  hence  the  scotomata  must  appear. 

Retinitis  pigmerUosa^  or  pigmentary  degeneration  of  the  retina,  is  the 
only  disease  among  all  the  pathological  eonditious  of  the  retina  which 
produces  typical  changes  in  the  field  of  vision. 

At  the  commencement  of  the  disease  the  field  of  vision  by  bright  illumi- 
nation shows  no  change  from  n(»rmal,  whereas  by  examination  with  dimin- 
ished light  a  considerable  concentric  dc^Tease  can  be  demonstrated. 

The  disturbance  of  vision  dejieuds  on  the  destruction  of  the  ro<i-and-cone 
layer  of  the  retina,  which  cannot  be  recognizetl  witii  the  ophthalraoscoi)e. 
In  tjr^ical  cases  the  disease  develops  in  the  periphery  and  spreads  in  the 
direi^tion  of  the  macula  lutea.  Whilst  at  tlie  beginning  a  ajnceutric  slirink- 
ing  of  the  field  of  vision  cun  be  shown  with  diminished  i II nmi nation,  in 
full  daylight  the  boundaries  of  the  field  are  normal.  As  the  disease  pn> 
gi'esses,  the  concentric  shrinking  of  the  field  appears  also  in  the  bright 
illumination  of  daylight,  a  sign  that  the  rod-and-cone  layer  is  destroyed. 
If  the  field  be  examijietl  by  diiuinished  illumination  at  this  time,  it  will 
be  found  that  the  c^oncentric  shrinking  has  advanced  so  far  that  the  eye 
api>ears  totally  bhndj — a  proof  that  the  torpor  has  spread  over  the  whole 
retina. 

The  diameter  of  the  field  of  vision  with  good  central  acuteness  of  vision 
can  diminish  to  an  area  of  from  seven  to  ten  degrees  in  extent.  Such 
patients  see  as  does  one  looking  through  a  long  tnl)e.  In  this  area,  by 
bright  daylight,  the  color-fields  are  recognized  in  their  usual  oixler. 

Occasionally  so-called  ring  stxjtomata  apjx'ar.  In  the  peripheral  jwrtion 
vision  is  defective  either  througliout  or  in  isolated  areas,  Sfjnietimes  ring 
scotomata  are  complete.  Again,  they  may  c^jnsist  of  half-circles  which 
are  separated  by  fairly  well  reacting  portions  of  the  field*     At  times  the 
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remaining  at'tive  part  of  the  centre  of  the  field  is  snrronnded  by  a  half- 
mocm-sliajKHl  aroa  (see  Fig.  27),  giving  the  working  iield  of  vision  a  re- 
semblance to  the  star  and  crescent  of  Turkey.  These  half-ring  or  zonular 
defects  of  which  the  ring  scotcunata  are  formed,  sls  well  ae?  the  ring  scotoma 
itself,  ai'e  otlcn  fuund  in  chorioido-retinitis  uf  sypliilitic  type,^  as  well  as  in 
oeotrul  relapsing  syphilitic  retinitis  as  deseriljcd  by  von  Gmefe* 

In  tlie  l»egiuning  of  syphilitic  chorioiilo- retinitis,  described  by  Forster, 
the  field  of  vision  when  examined  by  bright  daylight  is  either  normal  or 
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slightly  diminished  concentrically.  Island-shaped  and  zonular  defects  fii-st 
appear  in  diminished  ilhmiination.  Central  scotomata  are  sometimes  ol>- 
serve<l.  Schijen*  regards  the  mode  of  origin  of  tlicse  anniihir  scotomata  as 
following  the  armngement  of  tiie  vasa  vorticoea.  Upon  atxjount  of  their 
rich  blood-supply,  these  zones  of  vessels  are  specially  prone  to  inflamnm* 
tion,  taking  at  the  same  time  a  position  coinciding  with  that  of  the  centre 
of  the  ring  seotomata  (30°  to  35°). 

Perlia^  has  made  a  careful  wllection  of  the  cases  of  annular  scotomata 
from  all  the  writings  on  the  subjeet.  He  has  found  thirteen  cases  of 
syphilitic  chorioidr*- retinitis,  two  of  non-syphilitic  choriotdc^-retinitis,  seven 
of  retiDitis  pigmentosa,  and  one  in  which  no  ophthalmoscopic  diagnosis 
was  made.  Thus  no  less  than  56.5  per  cent,  is  referred  to  a  syphilitic 
origin*  Hence  in  every  case  of  ring  scotoma  syphilis  nmst  be  fii^t  con- 
sidered- 

A  ring  scotoma  disappears  in  the  same  way  as  it  is  formed.  It  is  broken 
into  zonular  defects,  which  l>eeome  smaller  and  are  demonstrable  only  by 


*  Forster,  Archiv  fur  Ojihthftlniologie,  ix.  1 ,  32. 
'  Die  Lfhre  vom  Gesiohtefeld. 

•  Centnilbliitt  Cm  Augenbiiiikunde,  1886,  8.  il. 
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diminished  illumiiintiim^  and  at  Itist  pass  out  of  existence.     In  the  closiing 
stages  of  chorioidn-retinitis   island-like  sf^ts  of  vision  around   tlie  ha^_ 
centj'al  defects  are  alone  iouod.     These  areas   are   iu«ist   plentiful   in 
]K*ri|>heral  parfe  of  the  field,  causing  this  jwrtian  to  api>ear  retiform  i(j 
cliaraeter, — the  f>o-<*alled  rian^  reticulutu^. 

According  to  Nettles^hip/  there  is  both  a  chorioiditis  and  a  retiniti 
of  syphilitic  type.      They  are  eonstantly  found  associated  in  the  ehorioidj 
variety*     The  primary  seat  of  inflammation  is  in  the  *^pillaries.     The  iVu 
turbance  seems  to  show  a  giTAter  tendency  to  spread  along  the  sur&oe  ihm\ 
to  involve  the  thickness  of  the  vascular  layer. 

The  principal  change  occurring  in  pure  syphilitic  retinitis  is  a  difim^ 
thickening  of  the  retina  In  all  its  layers.      This  thickening  shows  itself^f 
most  distinctly  in  the  nerve-fibre  layer,  where  the  cells  appear  heaped  in 
masses. 

The  areolar  and  ciixiumscribed  forms  of  chonoidilis  disseinincUa  exhibit 
fields  of  vision  w^hich  are  de}>endent  upon  the  seat  of  the  disease  and  the  \ 
niethtd  of  extension  through  the  retinal  layers.  Here,  notwithstanding  the 
striking  pictures  which  the  ophthaloioscope  gives,  a  precise  examination  uf 
the  whole  field  of  vision  with  a  small  object  can  alone  show  where  and  to 
what  degree  the  r<iil-and-ct»ne  layer  of  the  retina  is  aflfectt^i.  In  chorioidfv 
retinitis  ad  maculani  the  outer  layers  of  the  retina  in  contact  with  the  dis- 
ease are  usually  involved,  and  tlie  metamorphosis  is  produced  by  disturbance 
in  the  sensitive  layei-s.  This  leads  to  the  formation  of  a  positive  central 
scotoma  of  an  atypical  form,  its  shape  varying  with  the  size  of  the  disease- 
foci.  At  first  wliite  objects  api>ear  darker  in  the  affected  region  tlian  ordi- 
nary.    Later  there  Is  an  absolute  scotoma. 

Id  some  cases  of  chorioido-iritis  disseminata  in  which  there  are  marked'^ 
ophtiialmost'opic  changes  a  normal  field  of  vision  is  found.  In  such  isy^ 
the  tissues  of  the  chorioid  and  the  iris  alone  are  affected.  In  other  cases 
the  foci  of  disease  lie  nearer  the  retina  and  cause  the  apjxM ranee  of  circum* 
Bcriljcd  absolute  scotomata  in  the  intermediate  zone  of  the  visual  field. 
At  times  a  central  scotoma  may  be  present,  giving  a  sieve-like  appearan(« 
to  the  field,  s*)  that  to  some  extent  the  patients  see  as  through  a  sieve. 
(Fig.  10.)     In  addition  there  may  l)e  wide-spread  peripheral  defects. 

In  sclero^'horioidifis  pmtrnor  thei-e  is  an  occasional  increase  of  the  blind 
spot,  which  signifies  that  there  is  atropliy  of  lx>th  the  chorioid  and  the  rods 
and  CNijnes.  Owing  to  changes  in  the  nourishment  of  the  chorioid  in  high 
degrees  of  myopia,  torpor  retina  oceasioually  rnvtirs.  This  condition  prt>- 
duces  a  still  greater  degree  of  concentric  diminution  of  the  field,  as  shown 
by  diminished  illumination,  t\mn  is  usually  finuid  in  myopia.  If  to  this  aa 
inflammation  of  the  vascular  layers  be  supci-added,  it  will  be  easy  to  under* 
stand  why  very  short-sigh tctl  patients,  notwithstanding  complete  oorrectioa 
of  vision  by  lenses,  find  it  hard  to  orient  themselves  in  twilight. 


*  Boyul  Lcindon  Ophtbdlmic  HospiUl  Heportt,  vol.  xL,  Piirt  I, 
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In  the  prodromal  abortive  attacks  of  glaucoma  both  central  acuteness  of 
vision  and  the  field  of  vision  are  diminished.  After  the  first  severe  attack 
the  visual  power  never  r^ains  its  normal  condition.  The  decrease  in  the 
field  of  vision,  which  is  more  or  less  concentric  or  localized  to  the  nasal 
half,  is  a  consequence  of  intra-ocular  pressure.  This  compression  shows 
itself  first  and  chiefiy  in  those  vascular  regions  which  lie  farthest  from  tlie 
hearty  for  here  the  blood-pressure  is  least  Hence  an  ansemic  condition 
in  the  retinal  periphery,  which  is  the  cause  of  the  diminution  in  the  field 
of  vision,  is  early  recognized.  As  the  optic  disk  lies  to  the  nasal  side  of 
the  posterior  pole  of  the  eye,  the  vessels  which  supply  the  temporal  side  of 
the  retina  travel  farther  in  carrying  the  blood,  and  thus,  their  capillaries 
lying  at  a  greater  distance  from  the  heart;  the  field  of  vision  on  this  side 
(which  is  the  nasal  side  to  the  perception  of  the  patient)  is  most  dimin- 
ished.    (Compare  Figs.  28  and  30.) 


If  the  disease  goes  so  far  as  to  form  a  pathological  excavation,  both  cen- 
tral acuteness  of  vision  and  the  visual  field  suffer  still  more,  by  reason  of 
atrophy  of  the  optic  nerve  fibres  in  the  head  of  the  nerve  from  pressure. 
After  iridectomy  central  acuteness  increases,  owing  to  increased  trans- 
parency of  the  cornea,  whilst  the  field  of  vision  returns  to  normal  so  far 
as  the  eye  was  healthy  before  the  attack. 

In  simple  glaucoma  the  field-disturbance  depends  upon  the  atrophy 
caused  by  pressure  on  the  nerve-fibres  in  the  cupped  disk.  On  account  of 
a  slow  and  gradual  increase  of  this  pressure,  the  fibres  adapt  themselves, 
being  meetly  pashed  over  to  the  nasal  side  of  the  disk,  so  that  the  condi- 
tion of  visual  acatenesB  and  the  field  of  vision  do  not  always  correspond 
with  the  depth  of  the  oopfrii^-  Simpler^  describes  a  case 
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in  wliicli^  although  glaucoma  symptoms  were  present  for  between  ten  and 
twelve  years  and  a  deep  eupping  existed,  visual  aeuteness  and  the  fieM 
of  vision  were  normal.  If  there  is  an  additional  ooueeiitric  diminatiiiD 
of  the  field,  a  narrow  horizontal  or  an  oblique  ai^-a  may  be  all  that  iskft. 
(See  Fig*  29.)     Usually  for  a  long  time  belbi^'  complete  blindness  ensues 
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a  small  remnant  of  vision  is  present  in  the  outer  npper  or  outer  lower 
quadrant  of  the  field.  Sometimes  at  the  coniraencement  a  relative  ceo- 
tral  scotoma  (see  Fig,  28),  which  gradually  grows  into  an  absolute  area, 
appears* 

Sachs  ^  has  examined  four  fields  of  vision  in  simple  glaucoma  in  which 
paracentral  scotomata  were  present.  In  these  cases  the  meridional  Ixiun- 
daiy  was  from  two  to  four  degrees  separated  from  the  fixation-jxiint,  and 
the  lateral  boundary  included  most  of  the  blind  spot. 

SchnabeP  found,  among  one  hundi-eil  and  eighty  eyes  suffering  fmni 
primary  glaucoma,  fifteen  with  a  greatly  diminished  field  of  Wsion  and  a 
high  degree  of  central  acuteness.  He  also  saw  six  eases  with  central  and 
panieentral  scotomata.  Fifteen  {>er  cent  exhibited  a  condition  of  function 
indicating  i-etroljulbar  neuritis. 

In  simple  glauc^jma,  though  central  acuteness  of  vision  generally  de- 
creases slowly,  yet  it  can  be  norma!  whilst  diminution  of  the  j»eripheml 
area  is  far  advanced.  In  a  narrow  si  it-like  area  color  may  be  recognized. 
(See  Fig.  29.) 

If  the  field  of  vision  is  narrowed  to  the  fixation-point  before  a  sclerot^M 
omy  or  an  iridei^tomy  is  i>erforined  (sec^  Fig.  30,  in  which  the  lined  part 
represents  the  area  of  growth  of  defetvt  after  operation),  there  is  generall)* 

1  Centralblfitt  fiir  Auirenbenkunde.  1887,  16L 
*  Archiv  fiir  Augenbcilkuiide,  BJ.  xxiv. 
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having  ojiportnnity  to  move  to  one  side,  as  in  glaiiecimatous  conditions, 
and  to  become  ada^H^d  to  tli^ir  new  position.  Thiie,  Ivanoff  found  in  a 
caae  of  Becker's  *  that  although  the  [ynx-ess  remainwl  for  a  year  in  a  con- 
dition of  high  dcgrei'  of  pressure,  with  eunipamtively  gn?at  increase  of  the 
capilkiiy  circulation,  yet  there  was  uorrnai  vision. 

Lately  the  author  has  had  an  opportunity  to  observe  a  case  in  ^vhich, 
in  consequence  of  an  absix^ss  (»f  the  tenipoml  h>L»e  consecutive  to  purulent 
ear-disease,  choked  disk  developed.  After  trephining  and  cleansing  of  the 
abacess-cavity,  the  nerve-head  swelling  dif3appeared  without  leaving  dimi- 
nntion  of  acuteness  of  vision  or  disturbance  in  the  visual  field. 

Early,  and  often  Ijefore  any  dimioutio!i  in  the  periphery  of  the  field 
is  present,  an  inerciise  in  the  size  of  the  blind  spot,  varying  from  twic«  to 
many  times  its  normal  size,  rnay  lie  found.  This  condition,  which  was  first 
observed  by  Knapp^^  is  chiefly  caused  by  the  pushing  aside  of  the  retina 
round  the  papilla  by  tlic  so-called  neurotic  swelling,  (In  Fig,  31  the  size 
of  the  blind  spot  is  shown  by  the  double-lined  portion.) 
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In  the  course  of  the  disease  a  continuous  diminution  of  the  field  ensues. 
This  is  greatest  on  the  nasal  side,  and  is  accompanied  by  angular-  or  sector- 
shaped  defectSj^  with  retmction  of  the  boundaries  of  color-perception  from 
the  edge  of  the  defective  w  hitc  tield.  (Set:?  Fig.  32.)  In  a  few  rases  the 
fault  is  seen  in  both  eyes  on  the  nasal  half  only.  Mandelstamm  has  in- 
ooTRX'tly  endeavored  to  designate  tliis  condition  as  an  example  of  the 
so-called  nasal  hemianopia.* 

As  a  rule,  the  visual  disturbances  and  changes  in  the  field  of  vision  are 
due  to  the  rapid  development  of  the  choked  disk  caused  by  the  cEdenia  and 

*  Graefe  und  Saemisch^  Hftiidbiieh  der  gesammteTi  AiigenhpHkiindOj  v*  781. 
•Tnmsaction*  of  tlip  Ampncan  Ophthalmological  Society,  1870,  p.  118, 

•  ATchiv  fur  Oplithtdmolugic,  xlx.  2,  39, 
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dilatation  of  the  rapillaries.  With  the  conimencemeut  of  the  stage  of  in- 
flammation and  papillary  atrophy,  eondurtion  is  destroyi?d  by  the  newly 
formed  comiective  tissue,  as  it  grows  and  contracts,  causing  rapid  loss 
of  visual  power.  During  thene  prtx*esses  tlie  fiehl  of  vision  ig  cootiinially 
leeeeuedj  color-perception  is  gradnally  lost,  and  finally  incurable  blindness 
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Left  field. 

sets  in,  the  last  remnant  of  the  field  in  which  large  white  objects  can  be 
seen  being  situated  external  to  the  fixation-point. 

There  is  a  diversity  of  opinion  as  to  w^hich  side  of  the  field  the  dimi- 
nution most  often  affects.  Schliiter/  after  collecting  the  pi*enliaritic«  of  the 
field  of  vision  in  thirteen  cases  of  choked  disk  and  neuro-rctinitis  of  cer- 
ebral origin,  found  as  follows  :  six  times  (in  three  patients)  enlargement  of 
the  blind  epot ;  three  times  (in  two  patients)  |>eripheral  diminntion,  partic- 
ularly from  above ;  twice  (in  one  patient)  j>eriplieral  *Iiminution,  particu- 
larly on  t!ie  onter  side;  twice  (in  two  ]>atients)  small  remains  of  the  field 
towards  tlie  lower  part ;  twice  (in  one  patient)  marked  eoncentrio  dimi- 
Bution  with  retention  of  color-perception  •  twice  (in  one  patient)  remains 
of  the  field  below  and  al>o%'e  the  fixation-point;  and  once  (in  one  patient) 
a  large  and  absi^lute  cent  ml  detect. 

The  course  of  choked  disk  and  its  destructive  results  to  central  visual 
aeiitcness  and  the  field  of  vision  depend  not  only  on  the  nature  of  the  intra- 
cranial disease-prrK^esst^s,  but  als*j  jmrtly  on  the  result  of  the  thcraiKMitic 
or  surgieal  measures  which  have  been  undertaken  early  in  the  disease. 
Here  there  is  direct  pressure  or  other  influence  of  a  tumor  at  some  distance 
from  the  nerve,  bringing  alwjut  a  derrcase  in  the  intra-cranial  si>ace  and 
acting  directly  on  the  optic  tracts  and  tlie  visual  ceuti*e9. 

Patients  suffering  from  choked  disk  si>metimes  complain  of  previous 
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l)linJiiess  or  diminution  of  visual  power.  These  are  symptoms  that  follow 
clistention  of  that  jxirtion  of  the  cctrebriun  vvhirh  forms  the  roof  of  the 
third  ventricle  over  the  optic  chiasm.  Hydrocephalic  effusions,  causing 
augmentation  in  the  quantity  of  cerebro-spiual  fluid,  produce  pressure  upoi 
the  optic  chia.sui^aud  thus  diminish  the  couductirig  power  of  the  retinal  1 
pulses  from  both  eyes  through  this  body.  Those  reductions  of  visual  pow 
which  a|)pear  at  the  beginning  of  the  distiise  are  therefL>re  always  about 
the  same  in  Ixjth  eyes.  If  such  patients  bend  forward,  the  visual  power  is 
diminished  by  the  greater  pressure  which  follows  the  eogorgemeot  thus 
brought  about,  A  like  character  of  blindness  cjin  be  caused  by  the  press- 
ure of  an  cx[)ausilc  tumor  upon  the  chiasm  in  a  case  of  choked  disk. 

If  the  choking  is  caus<:Hi  by  disease- processes  in  the  orbit,  the  tield-defed 
essentially  fi>lIows  the  point  on  which  a  tumor,  for  example,  acts  on  the 
nerve-fibres,  (*r  physiologically  represents  the  position  of  those  fibres  in 
which  the  mass  grows.  Tims,  tSchliiter  observed  iu  a  jmtieut  twenty  yeara 
of  age,  whose  peripheral  field  of  vision  and  color-perception  were  good,  that 
the  fixation-point  was  covered  by  a  large  absolute  scotoma,  whicb  extended 
inward  a  great  distance. 

If  typical  choked  disk  with  marked  differences  in  the  two  fields  of 
vision  is  present  in  a  case  of  cerebral  syphilis,  a  greater  involvement  of  the 
optic  trunk,  which  eventuates  in  a  descending  destruction  of  the  nerves, 
must  be  suspected.  For  instance,  if  in  a  double  choked  disk,  caused  by 
intra-ci-anial  syphilis,  one  eye  becomes  almost  Idind^  whilst  the  other  regains 
normal  vision,  a  direct  involvement  of  the  optic  trunk  of  one  side,  either 
in  the  cranium  or  in  the  orbit,  may  be  assumed. 
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THE  FIELD  OF   VISION   IN   DISEASES   APFECTINQ   THE  OPTIC   NEBVES, 

In  such  conditions  both  neurotic  and  atrophic  changes  must  be  con- 
sidered. The  first  may  l>e  divided  into  the  acute  and  the  chronic  forms 
and  combinations  of  forms  of  peri-interstitial  neuritis,  isolated  neuritis,  and 
iuflammatiou  of  the  fibres  forming  the  ]japillo-macular  bundle.  The  in- 
tlammation  may  spread  in  an  ascending  or  a  descending  direction  from  the 
brain  ([leriueuritis  or  neuritis  ascendens  or  desccndens).  Again,  it  may 
attack  any  point  in  the  nerve  and  extend  in  both  directions  from  this  point. 

The  atropine  conditions  of  the  optic  nerves  may  be  divide^l  into  simple 
genuine  optic*-nerve  atrophy  (atniplua  nervi  optici) ;  neurotic  atri>phy, 
which  follows  the  action  of  inflanmiatory  processes  in  the  optic  nerves; 
and  secondary  atrophy  (ascending  or  dc^^ending),  as,  fiir  example,  that  fol- 
lowing pressure  on  the  optic  nerve  ur  division  of  the  nerve  in  its  crmtinuity. 

The  disturlmnces  of  vision  in  inflammatory  processes  attacking  the 
optic  nerves  are  c^uscxl  partly  Iry  tlie  destruction  of  (xmduction  in  conse- 
quence of  swelling  and  incrciasc  of  the  connective- tissue  septa  pressing  on 
the  nerve-fibres,  and  [jartly  by  the  disturlmnce  in  the  nourishment  which 
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the  inflammation  produces  in  the  connective-tissue  septa  in  diminishing 
tbeir  capacity  as  conductors  of  nourishment.  So  long  as  these  processes 
of  diminished  nourishment  and  pressure  interfere  only  with  the  action  of 
the  nerves  without  destroying  their  anatomical  integrity,  the  disturbance 
of  sight  may  completely  disappear  on  their  subsidence ;  otherwise  such  dis- 
turbances are  irreparable  and  deficient  vision  is  permanent. 

In  simple  true  optic  atrophy  visual  changes  are  generally  caused  by  an 
evenly  spreading  loss  of  power  in  the  separate  nerve-fibres  of  the  whole 
transverse  section  of  the  optic  nerve.  The  condition,  without  any  known 
reason,  is  progressive,  and  always  results  in  blindness. 

In  neurotic  atrophy  the  visual  changes  depend  upon  the  size  and  inten- 
sity of  attack  of  the  affected  portion  of  the  optic  nerve  as  well  as  upon  the 
frequency  and  permanency  of  the  disturbances  of  nourishment  to  which  the 
several  separate  bundles  of  optic  nerves  are  exposed. 

In  secondary  descending  atrophy  the  degree  of  visual  defects  is  com- 
mensurate with  the  interruption  of  connection  of  the  nerve-fibres  produced 
by  disease  of  their  ganglion-cells. 

With  r^ard  to  the  constant  relation  of  the  ophthalmoscopic  diagnosis 
to  the  disturbances  of  central  acuteness  and  the  field  of  vision  in  neurotic 
affections  of  the  optic  nerves,  the  following  queries  must  be  kept  in  view : 
1.  Do  the  inflammatory  processes  extend  into  the  {lapilla,  or  do  they  extend 
behind  the  orbit  into  the  intra-cranial  part  of  the  optic  tract,  or  have  they 
their  seat  in  the  tracts  themselves  ?  2.  How  much  time  has  passed  since  the 
commencement  of  the  disease  ? — that  is,  how  long  is  it  since  the  disturbance 
of  vision  appeared  ? 

If  the  signs  of  a  neuritis  are  found  ophthalmoscopically,  they  give  in  a 
measure  directly  also  the  explanation  of  the  changes  in  the  field  of  vision 
seen  at  the  same  time. 

In  diseases  of  the  optic  nerves,  and  chiefly  in  the  primary  atrophic 
conditions,  the  degree  of  acuteness  of  vision  and  the  diminution  of  the  field 
of  vision  for  white  and  color  bear  a  regular  relation  to  each  other,  which 
is  of  the  greatest  importance  for  diagnosis  and  prognosis. 

In  simple  true  progressive  atrophy  of  the  optic  nerves,  where  the  degen- 
eration has  attacked  in  a  more  or  less  regular  manner  the  whole  optic  tract, 
defects  first  appear  in  those  portions  of  the  field  whose  corresponding  ret- 
inal areas  ordinarily  exhibit  in  the  normal  physiological  condition  weaker 
visual  acuity.  For  this  reason  the  early  defects  are  found  towards  the  pe- 
riphery of  the  field.  In  consequence  of  this,  examining  objects  reflecting 
oolored  light  that  is  less  intense  than  white  show  at  this  period  of  the  dis- 
ease a  marked  decrease  in  the  limits  of  the  color-field  towards  the  fixation- 
point.  (See  Pig.  33,  which  is  the  field  of  a  case  of  progressive  optic  atrophy 
in  m  ferty-year-old  tabetic)  As  the  atrophic  process  progresses,  those  colors 
whidiy  under  ordinaiy  phjBiologiGal  oonditions,  exhibit  a  tendency  to  dis- 
appear fint  in  tlie  Udd  nuenoe.  Hence,  for  example,  the 
Bolor-Uind  nooa  I  ^hite  increase  in  size,  whilst 
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objects,  correspondi^  exactly  to  the  dimiixiition  of  surli  fields  to  a  normal 
eye  when  examinetl  with  de<Teai?e<l  illununation. 

If  it  be  wished  to  compare  the  size  of  the  color-fields  with  that  of  the 
white  field  in  onlinary  daylij^ht,  a  gray  siirfin^H?  that  is  just  large  enough  to 
show  tlie  extreme  limits  of  the  normal  tieUl  by  the  illumiiiatioo  of  bright 
daylight  should  be  used  as  the  examiniDg  object.  In  this  way  a  diminu- 
tion of  function  in  the  optic  nerve,  in  mi  atrophy  that  spreads  evenly  over 
the  whole  nerve,  may  be  recognized  without  any  limitation  of  the  periphery 
of  the  field  manifesting  itself  when  examined  by  means  of  an  ordinary- 
sized  white  object.     On  the  contrary,  however,  any  derangement  is  shown 

Fig.  35. 


\ 

Ri^bL  neld. 


in  the  limitation  of  the  color-fields,  because  colored  light  has  less  power 
of  impressing  itself  on  the  retina  than  white  light;  and,  fiirther,  under  nor- 
mal conditions  colore<l  light  makes  an  impression  which  gradually  lessens 
as  it  impinges  upon  the  retina  from  tiie  fixation -point,  until  at  last  it  pro- 
duces the  impression  of  gray. 

If  a  sector-shaped  area  of  tlje  optic  nerve  is  attacked  more  intensely, 
and  projects  a  sirailarly*sha|>ed  deftx.'t  into  the  visual  field  of  white  light, 
the  field  for  blue  will  exhibit  a  diminutitm  following  the  conformation  of 
that  of  the  white  light.  (See  Fig.  43.)  Tlie  c^jlor-blind  zone  between  the 
limits  of  the  fields  of  white  and  blue,  whei^  they  are  enertmched  on,  Ix^ 
comes  narrower  at  the  part  of  the  sector  which  is  nearest  the  fixation-point, 
and  wider  towards  the  {>eriphery  uf  these  fields.  The  reason  for  this  is  that 
the  sensitiveness  of  the  central  |)art  of  the  retina  is  much  greater  than  it  is 
towards  tlie  periphery.  If  the  limits  of  the  color-fields  approach  closely 
to  the  Ixjundary  of  the  defect  in  tiie  white  field,  it  proves  that  the  ecc^*ntric 
acuteness  of  vision  still  n*mains  near  normal. 

As  the  area  and  iutensity  of  a  defect  in  tlie  visual  field  are  only  relative 
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to  the  size  of  the  test-object  used  and  the  degree  of  illumination,  it  is  anoe^J 
tain  to  what  degree  the  iihysiolt  ^gic-al  fiinetiou  is  lost.     An  nb^ltite  dcia 
is  spokeu  of  only  wliere  the  aflet-ted  regions  are  al>solutely  blind  U\  the 
most  powerful  ligbt  that  can  be  em  ployed. 

Fig,  30  shfAvs  a  field  of  vision  tested  with  a  white  object  wboee  aim 
were  one  hiiudred  niilliraetres  long.  When  the  same  patient  was  examiiwd 
with  a  white  object  whose  sides  were  fiv^e  millimetres  long,  no  pereeptioa  oTi 
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light  eould   Ix*  clenionstrated.     In  this  ease  kirge  bhie  surfaces  app^i 
a  little  bluish,     A  Bimilar  condition  was  present  in  the  other  eye.    The 
patient  suffered  from  tabeiie  progreasive  atmphy  of  the  optic  nerves. 

In  most  disea8e*i  aifeeting  the  optic  nerves  the  line  of  demarcation  Ite- 
tween  tlic  relatively  lic^lthy  and  the  absolutely  defective  jxjilions  of  the 
field  of  vision  consists  in  a  zone  in  which  visual  perception  is  mark6<lly 
diminished.  Tltis  intermc^Iiate  portion  lien  l>etween  the  limits  of  the  abso- 
Inte  defect  and  tlie  iKHuidaricj^  of  the  field  for  green.  The  number  of  the 
diseased  nerve-bundles  may^  to  a  certain  extent,  be  determined  in  aooord- 
ance  with  the  width  of  this  zone. 

If  a  defe<n  reaches  into  the  boundaries  of  the  normal  color-fields  and 
divides  both  them  and  the  field  of  white,  so  that  the  limits  of  the  two 
series  of  fields  coincide,  such  a  condition  of  disease  is  known  a8  ^i 
atrophy.     It  docs  not  affect  the  rest  oi'the  field,  wliosc  limits  for  white 
color  remain  normal,     (See  Fig.  37.)     Such  a  field  shows  a  {wist  circ 
scribed  process  of  disease,  and  indicates  a  favorable  prognosis.     Uhthoff 
has  dcscrilx^l  a  classic  diagnosis  of  such  a  c**n(lition,^ 

In  some  diseaseil  conditions  of  the  optic  nerves  there  is  usually,  outsidfl 
the  limits  of  the  defect  found  when  examinetl  with  a  white  object  five 


'  Archiv  fiir  Opbthiilmologi©,  xjlxIL  181 


two 
rtidOd 


PERIMETRY    AND    ITS   CLINICAL    VALUE, 


239 


t  SiiUiraetrejst  aquai^c^  a  zone  of  partially  deiRlenwl  pt^R-eptioii  which  gradimllj 
■riiades  into  the  defeutive  portiou.  With  large  white  i?troiigly  illomiiied 
objects  this  zone  is  also  deii]onstrable>  the  patient  sometimei*,  in  cases  of 
progressive  optic  atrophy,  beeoming  efniseioiis  of  it  lxM?auiie  objeets  which 
are  moving  away  ^eem  to  be  gratlnally  enveloped  in  a  fog  before  l>eing 
lost.  This  fog  which  surnjunds  the  b^^tundaries  of  the  patliological  field  of 
f  "VJaion  appears  brighter  on  the  side  of  the  field  towards  the  light,  and  is 
Jer  in  pi^oportion  to  the  smalbi^s  of  the  limits  of  the  field  for  white. 
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In  progressive  atrophy,  even  after  no  field  of  vision  can  be  obtained 
by  a  five-millimetre  while  object  and  tlie  patient  has  lost  the  power  of 
oouDting  fingers,  there  is  often  present  for  a  long  tiiiie  the  power  of  percep- 
tion of  intenr*ities  of  light.  Fig.  36  was  olitainnl  by  nsing  an  object  one 
»  hundred  millimetres  s<tnare.  Later  this  c^indition  is  fbllow^ed  by  lilindncss. 
In  regard  to  prognosis  as  shown  by  field-distnrbanc^es,  the  disease  should 
be  regai**liHl  as  progressive  under  thr^  following  circm ni stances :  1.  When 
it  ean  be  provwl,  aftiT  repeated  examinations  with  similar  objects  and 
qimntities  of  light,  ttiat  there  is  a  constantly  increasing  shrinking  of  the 
K  bounds  of  the  color-fields  from  the  limits  of  that  of  white,  or  that  the 
"  white  field  is  diminishing.  If  only  one  side  or  one  sector  of  the  field 
is  diminishef]»  a  furtht^r  shrinking  in  the  field  of  white  at  this  part  of 
the  visual  field  is  to  Im?  ex{iec»tcd.  2,  Wlien  the  field  of  vision  for  white 
begins  to  shrink,  whilst  there  is  a  c< instant  diminution  of  the  fields  for 
colors.  3.  When  in  the  course  of  re|x*ated  examinations  red  or  gnvn 
objectfl  of  like  size  to  the  white  one  are  not  recognized  in  bright  da)  liglit, 

■  although  larger  objects  of  thf^e  colors  can  be  seen. 
In  making  examinations  fr>r  defixtive  eolor-vision  it  must  be  borne  in 
mind  that  the  jjatient  may  be  oongenitally  color-blind.     Further,  it  must 
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be  remembered  that  a  congenitul  henieraluiw  may  become  subject  Id  db 
of  the  optic  nerves,     lii  such  eases  examinatioD  with  lessened  illumiQatkni 
difterentiates  the  caiiditidiK      In  didea.s<3  of  the  optic  nerves  which  are  ik 
hemeralopic  the  visual  field  hIiows  the  same  area  as  when  the  illtimio&ua 
is  markcxlly  diminiehal. 

A  retrogrcBsive  tendency  in  the  eoiiditioii  of  the  disease  is  present  and 
the  prognosis  is  more  favorable  when,  on  comparing  with  earlier  examina- 
tions, it  is  found  :  L  Tliat  tlie  limits  of  the  visual  field  for  white  and  color 
have  increased  when  examined  with  similarly- si  zed  objects,  2,  When,  ^ritli 
a  stationary  condition  of  the  limits  of  the  color-fields,  the  white  field  exhibits 
an  expansion  when  examined  with  similarly -si  zed  white  objects,  3,  When, 
after  an  earlier  loss  of  vision  of  gi'een  and  red,  or  of  green  only»  these 
efilors  iKKxime  recognizable.  4*  When  tlie  same  extent  of  field  as  was  de- 
termined with  a  large  colored  object  is  found  with  a  similarly-cxjlored  small 
abject.  In  all  this  work  it  is  essential  to  know  whether  the  patient  haft 
taken  any  strychnine. 

The  proi^ess  of  retrogressive  evohition  after  a  subsidence  of  the  inflam- 
matory conditions  may  cease  at  any  time,  and  the  condition  w^hich  is  then 
reached  may  become  jiermanent. 

The  relation  of  central  visual  acnteness  to  the  defects  of  the  visa 
field  in  diseases  of  the  optic  nerves  cannot  be  regardal  as  a  constant  onal 
With  Jacobsohn,  the  author  formulates  the  following  rules  :  1.  If  central 
visual  acnteaess  and  the  visual  field  are  synchronously  diminished,  it  is  i 
sign  that  the  disease  has  atiacktHl  the  whole  optic  tract.  2»  If  centn 
visual  acuteness  is  diminished  and  the  visual  field  is  lessened  by 
shaped  defV^ts  which  seem  to  cut  int^>  the  field  from  the  periphery,  it  is  I 
sign  that,  though  the  wliole  optic  tract  Ls  affected^  yet  those  parts  related  1 
the  seetor"sha|>ed  defects  are  more  disturbed.  3.  If  central  visual  tumti 
nesa  is  markedly  diminished,  with  a  relatively  free  periphery  in  tlie  visual 
field,  a  centra!  scotoma,  which  may  be  relative  or  al>solute,  is  to  l>e  sus- 
pected, Frtun  the  fiict  tbat  the  cent  ml  visual  acuteness,  in  contrast  to 
the  peripheral  visual  acuteness,  is  not  only  absolutely  but  relatively  betto 
]>reserved,  the  autlior  believes  that  the  eonelusion  may  l>e  drawn  that 
disturbance  of  function  in  optic  atropliy  shows  a  tendency  to  spread  con 
raonly  in  a  oentri{3etal  direction. 

In  some  rare  cases  the  centre  of  the  retina  and  the  part  immediatelTJ 
around  it  act  almost  normally,  whilst  all  the  rest  of  the  membrane  showstj 
high  degree  of  visual  acuteness  or  is  completely  blind.     In  such  inst*ui<»l! 
the  disease-process  has  stop|>e<l  withfiut  touching  the  fibres  of  the  jiapill^)- 
macular  nerve-bundle.     Up  to  this  time  there  is  no  actual  i>roof  whether 
this  condition  may  remain  permanently  or  not. 

It  seems  necessan^  at  this  point  to  discuss  in  a  few  words  the  anatoinic^j 
condition  of  the  optic  nerves  as  given  by  Henschen. 

(a)  The  macular  bundle  lies  ventro-lateniUy  in  the  papilla  and  also  im- 
mediately l^ehind  it.     At  the  latter  place  it  farms  a  keystone-shajjed  sector|| 
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with  its  base  turned  towards  the  pial  sheath  and  its  point  towards  the  oen- 
tral  vessels.  (Figs.  38  and  39.)  In  Fig.  38  the  positions  of  the  different 
portions  are  indicated :  kr,d.  shows  the  dorsal  part  of  the  crossed  bundle ; 
Jbr.r.  represents  the  ventral  portion  of  the  crossed  bundle ;  unlcr.d.  desig- 
nates the  dorsal  part  of  the  uncrossed  bundle ;  unkr.v.  represents  the  ventral 
part  of  the  uncrossed  bundle ;  fn.d.  shows  the  dorsal  part  of  the  macular 
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SabdlTigion  of  nerre-flbrei  in  the  optic  nerve.       Sabdiviaion  of  nerre-flbres  in  the  optic  nerre. 

uncrossed  bundle ;  m.v.  represents  the  ventral  part  of  the  macular  uncrossed 
bundle ;  m'd.  signifies  the  dorsal  part  of  the  macular  crossed  bundle ;  and 
m'r.  represents  the  ventral  part  of  the  macular  crossed  bundle. 

Farther  back  this  bundle  is  half-moon-shaped.     Still  farther  back  it 
takes  the  form  of  an  upright  oval,  and  approaches  nearer  the  axis  of  the 
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Subdivision  of  nerve-llbres  in  the  optie  nerve.       Sabdiviidon  of  nerve-flbres  in  the  optic  nerve. 

optic  nerve.  In  the  optic  foramen  it  assumes  an  axial  position.  (Fig.  40.) 
In  front  of  the  chiasm  it  assumes  the  form  of  a  horizontal  oval.  (Fig.  41.) 
The  macular  bundle  contains  crossed  and  uncrossed  nerve-fibres.  In  front 
in  the  papilla  the  crossed  fibres  lie  ventrally  and  the  uncrossed  ones  more 
eccentrically^  being  in  proximity  to  the  other  uncrossed  fibres.  The  spread- 
ing of  the  fibres  over  the  retina  appears  as  shown  in  Fig.  42.  Farther 
back  the  macular  fibres  become  drawn  together  towards  tliA  nAntre.  (Fig. 
Vol.  II.— 16 
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39»)     The  dorsal  half  of  tliese  tibres  goes  to  tlie  doi'sal  half  of  the  return, 
whilst  the  veiitrally  placed  fibres  gtj  to  the  ventnd  half, 

(6)  The  uiKTOissed  (not  tlie  mai'uhir)  bundle  is  divided  in  the  anterior 
division  of  the  i>ptic  nerve  into  two  fascicles,  a  dorsolateml  unefoa*il 
dorsal  part  and  a  vcutru -lateral  uncrosseil  veiiti-al  |H>rtian.  In  the  bmiDi 
cribrosa  theae  fibres  are  separated  by  the  macular  bundle.     Beimid  lb 
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entrance  of  the  central  vessels  the  fascicles  approach  one  another  and  form 
a  united  half- moon -shaped  bundle,  which  includes  the  lateral  periphery  aod 
lies  somewhat  ventru-laterally. 

(c)  The  crossed  btnidle  (not  macular)  forms  a  closed  cord  in  the  whole 
optic  nerve.  In  the  papilla  it  is  situated  doi-so-medially,  and  retains  this 
position  until  it  pas!>*cs  ttic  chia'^m. 

Defects  of  the  visual  flehl  in  diseases  of  the  optic  tniet  are  best  divided 
after  Uhthoff's  method  into  three  principal  groupings:  1.  Cases  in  whidi 
the  whole  optic  nerve  appears  aflfk^ti^l  by  the  dispase-]>rooess,  and  in  wliieli 
a  more  or  less  even  diuiinution  of  the  size  and  color*perct»ption  of  the 
whole  extent  of  the  visual  licld  is  found.  2.  Cases  in  which  more  or 
less  clearly  defined  defects  of  the  visual  field,  appearing  in  conjunction  with 
com[>arati%^ely  uormal  function  over  the  remainiug  portions  of  the  field,™ 
are  fijiuid.  3.  Ca^^s  in  which  an  even  eoucvntric  diminution  of  the  visuafl 
field,  with  good  central  visual  acuteneas  and  good  color-vision  in  the  pre- 
served jiortious  of  the  field,  is  found,  and  in  wliich  a  comparatively  Donual 
condition  of  the  macula  and  the  ncrve-fibrt^  in  its  imruidiate  neighlioj 
is  recognized. 

In  a  case  of  multiple  sclerosis  seen  by  Uhthoff/  the  upper  part  oi 
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field  of  vision  showed  a  color-defect,  whieh  in  time  disappeared  and  gave 
place  to  a  ring  scotoma*  The  disturbanoe  of  vision  developed  suddenly 
in  this  eye,  whilst  in  the  other  it  appeawd  very  sltnvly.  In  fiptie  atropliVj 
a  ring'Sbaped  portion  of  the  field  surrounding  a  L'entral  st'otoma,  in  which 
perception  is  g^jod  and  outside  of  which  the  field  is  deficient,  may  be  more 
frequently  met  with  tlian  ring  scotoma.  This,  however,  is  but  a  temporary 
ccmditioD  in  an  inevitable  lessening  of  visual  power, 

I^asslng  to  the  consideration  of  the  st^parate  series  of  defects  of  the 
vidua!  field  in  diseases  of  the  optic  nerves,  the  first  grouping  is  reached. 
Hei*e  the  central  visual  acnteness  eoutuiuously  decreases  daring  the  shrink- 
ing of  the  Bector-siiaj>eil  or  irregular  areas  in  the  peripheral  zone  of  the 
visual  field.  In  the  remnants  of  the  field  which  remain  active  a  decrease 
of  fimction  can  he  recognized  by  the  great  lessening  of  the  color-fields, — the 
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first  to  disappear  being  green,  then  ral,  and  lastly  blue.  (See  Figs.  33  and 
34,)  In  extremely  nirc  instances  rid  disapiK^ai's  before  green.  After  the 
apjiearance  of  complete  color-blindness,  a  small  j^ortiou  of  the  field  for 
white  remains,  situated  either  at  the  centre  or  more  frecpiently  in  the  nasal 
half  of  the  field.  (Fig.  35.)  At  times  the  sector-sliapeil  eucroachments 
extend  beyond  the  fixation -point  in  such  a  way  as  to  interrupt  central  fixa- 
tion. (See  Fig.  43.)  Such  fields  prove  that  tlie  atrt>phie  proces.ses  are  more 
or  less  evenly  distributcKl  over  the  wliole  area  of  the  visual  nerve-fibril, 
even  tiiough,  as  shown  by  the  presence  of  the  deep  stH^tor-shaj)ed  <letcets 
and  the  larger  deficient  portions  of  the  visual  field,  separate  areas  are 
much  more  severely  disturbed  than  others.  (Compare  Figs.  33,  34,  35,  and 
43.)  Such  visual  fields  are  generally  Ibuud  lu  true  primary  atrophy  of 
the  optic  nerves  and  in  spinal  atrophies. 

In  these  cases  it  has  not  ye*  •"idetl  from  iivhich  side  the  shrinking 
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commences.  Many  authors  assert  that  tlie  auter  half  is  first  attackd,  and 
that  it  eti rinks  the  more,  Oi-c^asiunally  synimetrieal  defect^s  ai*e  fouud 
Some  types,  which  are  fonnd  usually  among  young  meo,  difler  from  this 
course  in  that  with  the  commcueing  ahsolute  central  scotoma  the  j>eripbery 
of  the  field  becomes  evenly  diniinishtM:!*     (See  Fig.  44,  which  i-epresent^  the 
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visual  field  of  the  right  eye  of  the  same  patient  w^hose  left  field  is  repre- 
sented in  Fig.  9.)  Here  vision  rapidly  decreases  and  the  ophthalmoseo[)e 
shows  atrophy  of  the  papilla.  Later  the  central  sc»ot«ma  extends  in  ooe 
direction  to  unite  with  the  [K'riphcral  defect  at  this  point,  which  has  in- 
creased rapidly  towards  it,  causing  the  remaining  portion  to  assume  a  half- 
moon  sha|>e,  (iSee  Fig.  9*  This  condition  is  also  indicated  by  the  iH>!or- 
bliod  zone  shown  in  the  upper  jjart  of  Fig,  44.)  Before  the  developmeut 
of  complete  blindness,  wiiic.h  occurs  in  this  ty|)e  of  cases  without  exception, 
a  small  remnant  of  a  color-blind  area  of  vision  usually  remains  in  the  inter- 
medtate  zone  of  the  original  visual  field. 

The  second  group  of  cases  includes  all  those  in  which  more  or  less 
clearly  defined  defects  of  the  visual  field  appear  and  accompany  a  com- 
paratively normal  function  of  the  other  [jortions  of  the  field. 

In  srdor-shajjed  defects  with  partial  atrophic  ap|ieamnce  of  the  disk, 
the  optic  nerves  are  only  partly  attacked  by  the  disuse- piYx-ess.  The  classic 
case  by  UhthofF*  showcil  a  clearly  defined  defect  in  a  tabetic  subject.  In 
this  instance  the  limits  for  the  colors  nearly  coincided  with  tln^se  of  white 
liglit.  Pathologiailly  thei^  was  primary  atrophy.  The  process,  which 
oixlinarily  attacks  the  whole  optic  tract,  was  eiivumscrilx^l  into  a  distinct 
group  of  nerve-fibre  bundles,  wliii-h  were  df^stroyal,  the  ixiumining  ones 
being  normal.     Such  cases  are,  however,  extremely  rai'e. 
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In  ceases  of  deft'cts  m  which  the  visual  field  w?  more  or  ksf!  diminished 
on  one  aide  only^  accompankd  by  rdenilon  of  volor-vmon  in  the  7'cst  of  the 
fiddf  mth  good  amtrid  vimml  acateru^sa^  there  may  be  either  a  normal  eon- 
diti(:in,a  more  or  less  witk'ly  spread  neuritis,  or  a  simph'  atrophic  fadmg  of 
tliedisk  (desceutliug  atrophy).     All  of  tht^se  c-uijes,  however,  are  caused  by 
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iDflaniiBatory  processes  that  are  mostly  situated  far  back  in  the  optic  nerve 
tract.  The  recogoitiou  of  tlie  condiriun^  which,  rui fortunately,  is  often 
mistaken  for  progres*<ive  atrophy  of  the  optic  nerves  by  those  who  are 
not  well  grounded  in  t!ie  art  uf  jierimctry,  is  of  the  utmost  importance, 
because,  when  it  is  prniicrly  diagnosed  in  time,  the  power  of  vision  may  be 
preserved  by  energetie  antiphlogistic  measures.     The  author  has  frequently 
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observed  such  cases  among  those  suffering  from  syphilitic  spinal  affeetionsi 
and  has  noted  examples  which  exliihit<:Hl  eomlitions  similar  to  those  of 
tabes,  and  in  which  a  oiarked  improvetuent  occurred  after  the  energetic  use 
of  iu unctions  of  mercury. 

In  .simple  pi^oirressive  atrophy  of  the  optic  nerves  tlie  use  of  idudc- 
tions  of  mercury  is  lightly  i>roliibited  ;  in  those  cases,  however,  which  are 
often  so  similar  to  tabet;,  mercurial  inunctions  are  especially  to  be  em* 
ployed* 

Figs.  45  aud  4G  represent  an  otlicrwise  pcrfi^t  field  in  which  at  one 
gide  there  is  a  markwl  defect  that  is  accompanied  by  a  narrow  margin  par- 
allel to  the  limits  of  the  color- tield,  in  which  color-perception  is  lost.  In 
these  cases  the  central  acuity  of  vision  was  normal  or  nearly  so.  They  were 
taken  from  syphilitics  suffering  from  symptoms  simulating  tal>es.  In  botb 
the  disease-prtKx^ss  was  mark  wily  improved.  In  the  case  i*eprescnted  in 
rig,  45  the  visual  field  was  completely  I'egained, 

Fig,  47  shows  an  analogous  case  of  a  syphilitic  patient  without  any 
other  nerve-symptoms.     At  fii'st  an  optic  neuritis  cHL^nri'ed,     After  eoer- 
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getic  use  of  mercurial  inunctions  the  disc3Vse-|irocea8  was  brought  to  a  com- 
plete stop.  The  figure  shows  the  visual  field  a  year  aud  a  half  after  the 
commencement  of  tlie  disease, 

Wliere  hro  ur  three  quadrants  of  the  frhlH  of  vimon  are  alone  thfedivt^ 
and  the  ophihafmosmph  nif^ns  wKwh  aix*  caused  by  the  same  pathological 
}>rocesses  greatly  i>?scmlilc  those  of  the  previous  group,  the  c-anse  will  be 
found  to  be  a  basal  gummatnus  meningitis  which  has  attacked  the  intra- 
cranial jjortion  of  tlic  optic  tract  and  has  spread  as  a  jKTinenritis  in 
difierent  degrees  towards  the  eyeball,  Ulitliotl"  has  been  able  to  observe 
microscopically  tliree  such  cases  with  atrophy  of  the  disk.     In  them  he 


of  simple  optic  atropbyj  must  always  be  reganletl  as  secondary  to  the 
disease-process,  which  is  situatt^  far  back  in  the  optic  tract. 

Figs,  48  and  49  represeat  the  visual  field  of  the  left  and  right  eyes  of  a 
man  aged  forty-eight  years,  who  in  chihlbotxl  suffered  from  a  cerebro-spinal 
meningitis,  and,  with  the  one  exception  of  an  attack  of  pneumonia,  never 
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hatl  any  subsequent  illiies.s.  He  had  constantly  eiifferecl  from  this  trouble 
of  vision  as  long  iis  he  could  remember*  It  is  evident  in  this  case  that  the 
deiect  was  caused  by  a  desc^ndiui^  neuritis  following  the  basilar  meningitis. 
The  ophthalinoseope  showml  simple  white  pallor  of  tbe  disk.  The  rigbt 
visual  field  paiticularly  teaehes  how  sueh  a  condition  may  remain  fixed 
to  any  one  stage  after  a  neurotic  disease-process.  It  is  interesting  to  see 
how  the  limits  of  the  individual  portions  of  the  eolt>r-fields  coincided  with 
those  of  the  white  field.  The  lacnual-sliape<l  defect  and  the  lower  limits 
of  tlie  scotoma  in  Fig,  49  jx^int  towai*ds  partial  atrophy  of  the  optic  nerve, 
whilst  the  inner  lower  fpiadrant  of  the  i*emainder  of  the  visual  field,  where 
all  color-perception  is  \vanting,  evideuiM_^  the  fact  that  here  the  correspond- 
ing bundles  of  visual  nerves  must  be  markedly  interwoven  with  atrophied 
nerve-fibres. 

Fig.  50  represents  the  field  of  a  syphilitic  patient  who  suffered  Irom 
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reflex  iridoplegia,  with  loss  of  patellar  reflexes.  The  right  eye  w^a^  fjuite 
normal.  The  patient  observt^d  that  tliroo  weeks  previously  there  suddenly 
api^eared  to  be  a  fog  befoi'e  his  left  eye.  The  ophthalmoscope  exhibiti?d 
a  markeil  pallor  of  the  optic  disk.  The  field  show^s  that  there  must  have 
been  a  disturbanw  which  prothieetl  a  partial  destruction  of  the  function  of 
the  nasal  half  of  the  left  visual  field  (which  is  almost  heraianopic  in  form). 
Although  the  tempoml  half  showed  normal  l>ouDdaries  when  examined 
with  the  w4]ite  five-mill imctres-scjuare  object,  yet  TOlor-i>eix*eption  in  this 
area  was  obtainni  only  by  using  large  surfaces.  The  diagnosis  in  this  case 
was  a  gummatous  condition  of  the  intra-cranial  part  of  the  left  optic  nerve, 
clcw^  to  the  chiasm,  where  the  fasciculus  crociatus  and  the  fasciculus  non- 
cruciatus  appear  as  separate  trails. 

In  Uhthoif's  classical  w^ork,  a  case  in  which  there  was  not  only  a 
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sharply  ikfined  boumlary  for  both  color  and  white  up  to  the  defect,  but  in 
which  all  the  other  boiin^Iaries  were  identical,  is  mentioned.  In  this  case 
partial  atrophy  was  present. 

Frequently  in  cases  of  retrobulhar  inflanimatiou  of  the  optic  nerves  the 
growth  of  a  cadral  acoioma,  either  by  itself  t>r  atmhined  with  a  peripheral 
shrinking  i»f  the  field  whieh  aa^umeis  the  must  diverse  forins^  may  be  ob- 
iierved.  Sometimes  in  ivtrohulbar  disea:^  teoipivrary  blindness  appears 
rapidly,  and  on  recovery  a  L-enti'al  scotoma  of  larger  or  smaller  extent  is 
noticed.  Often  the  remaining  portions  of  some  such  fields  (isolated  spots  in 
a  peripheral  ring-like  area)  indicate  that  the  condition  origiuatetl  in  a  cen- 
tral scotoma. 

With  the  exception  of  those  which  have  been  described  in  Figs.  9  and 
44,  central  seotomatii  are  never  fonnd  in  priniartf  atrophy  of  the  optic  nerves. 
A  central  R'otoma  should  always  be  suspected  in  a  patient  who,  witli  a  grt^t 
diminution  in  central  acuteness  of  vision,  has  full  jxjwer  of  orieubition^  and 
had  good  vision  in  the  affected  eye  beffire  the  onset  of  the  disease.  Such 
scotomata  may  api>ear  at  onc^  na  absolute,  or  primarily  for  color  alone. 

The  apjiearance  of  a  scotoma  of*  a  lengthened  o\'al  sliajM?  in  the  red  and 
green  eoloi's  is,  according  to  some,  jmthijgnomonic  of  toxic  amblyopia^  In 
studying  such  sctitomata  it  is  essential,  however,  to  use  objects  only  one  or 
two  millimetres  sqnare. 

If  it  be  d^ired  to  comi^ai-e  the  sisse  of  the  fault  in  the  visual  field  with 
the  extent  of  the  atirjphic  portion  of  a  cmss-section  of  the  optic  nerve  in  a 
microscopic  six'cimenj  it  is  Ijcst,  as  previously  noted,  to  examine  the  visual 
field  with  the  smallest  possible  colort^il  objects. 

At  the  commencement  of  the  appearance  of  a  central  color-scotoma  a 
weakeuing  of  saturation  of  green  and  red  is  observed.  The  tones  of  these 
colors  show  a  change*,  in  the  fact  that  gray  appears  more  prouounce<L  In 
the  blue  field  no  scotomata  csan  be  found.  Later  red  disappears  and  blue 
becomes  slightly  fatlcd.  Finally  white,  in  a  small  s|>ot  of  the  scotoma, 
cannot  be  perceive^il,  or  appears  to  l)e  darkened.  At  this  stage  the  absolute 
defect  is  surrounded  by  a  color-blind  zone,  beyond  which  vision  for  blue  is 
present,  followed  by  ret]  and  green.  Thus  the  scotomata,  to  a  t^rtain  ex- 
tent, seem  to  lie  inside  one  aiiother,  that  of  green  being  the  largest,  that  of 
red  a  little  smaller  within  it,  followed  by  blue  showing  a  similar  relation 
to  the  red,  and  lastly  by  the  smallest  of  all,  the  scotoma  for  white,  in  the 
centre. 

In  diseases  attacking  the  papillo-maeular  bundle  of  nerve-fibres,  whei-e 
the  periphery  of  tlie  visual  field  is  undisturbed,  it  may  be  considered,  jjeri- 
metrically^  that  the  condition  of  the  dis<^ase  is  progressive  only  under  the 
fidlowing  circ^umstances  :  first,  when  an  examination  with  large  examining 
objects  shows  the  extent  of  relative  and  of  absolute  scotoma  to  be  the  same ; 
fleeond,  when  the  limits  of  the  s(X)toma  remain  the  same  during  examiuation 
with  similarly -si  ZCM.I  white  or  l)liie  surfaces,  whilst  the  extent  of  the  scotoma 
is  increased  when  a  similarly-sized  red  surface  is  employed  ;  third,  when  the 
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stages  of  cenlral  scolnmuta  M^hieh  are  aiused  l)y  mflammatory 

'     1  n  \  ^*^vt4opment  of  tine  process,  and  lieot-e  the  CHjndition  of  the 

*^^i<ects,  may  become  stationary.     Figa,  #51  and  52  show  such  a 

.    '      *ii    ^^^  y«-ars'  duration.     Opfithalmoseopirally,  the  inner  sides  of 

F     as  csontaiued  reddish  bands  of  nerve-fibres  arrantred  in  the  form 

of  a  hair-moon. 

^     ral    scotoma   alone,  even   if  it  has  Wn  abs^^ilnte,  may  disap- 
pear and  tK        •  f  -  . 
I   '1.        *^^  sight  return  CO  rap  letely.     When  combined  with  a  periphenil 

I  ■  1     ^»    *^    may  lead  to  absolute    blindness.      Long-standing  cases,  in 

1  -        ^,  ^riiarily  the  ophthalmuseo{>e  shows  tliat  the  fundus  is  normal,  will 

'Joiice  a  %v!iite  diseoloration  of  the  temporal  half  of  the  disk. 

bvlhn       ^^^  *'^^  many  forms  of  ceuti-al  seutonia  caused  by  a  chronic  reiro- 

■  1        ^^^^ithi^  special  mention  ehoukl  be  made  of  a  type  that  is  distin- 

.     „  i^om  others  by  the  general  clinical  symptoms,     Tliis  group  consists 

y  that  tbrm  which  is  deseribecl  by  Forster,  and  which  the  author  has 
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^Iso  studied,  as  neuritis  axiniis;^  secondly,  a  retrobulbar  neuritis  dependent 
upon  heredity;  and,  tfiirdly,  the  chronic  amblyopia  of  intoxicanis.  All 
three  forms  show  that  both  eyes  are  affected,  and  tiiat  young  mal^  are 
especially  prone  to  the  condition. 

If  the  field  of  vision  in  a  case  of  axial  neuritis  Ije  examined  with  a 
one-millimetre-s<|nare  w^hite  oltjeet  at  the  commencement  of  the  disease, 
tisually  a  small  scotoma  at  the  point  of  fixation  will  be  found.  At  the 
same  time  close  to  it  there  will  be  an  enlargement  of  the  blind  spot. 
Slow^ly  these  spots  will  unite  either  above  or  below  (see  Figs,  53  and 
54),  so  that  the  visual  field  for  white  as^nmen  tlie  shape  of  a  horseshoe. 
Later  the  scotoma  spreads  and  encloses  the  fixation-[)oint,  the  blind  spot, 
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and  a  large  portion  of  the  central  visual  field.     iSee  Fk&>  ^  »i  •>L) 
The  periphery  of  the  field  generally  remains  noimaL 

This  form  of  field  is  ordinarily  seen  in  cases  of  herecusasrr  ^pcr.inlhv 
neuritis.  Here  the  central  scotomata  commonly  ocmfnr  a  jmct^  a»a.  Al 
times  the  periphery  may  exhibit  a  marked  shrinkage*  in  «iPRS=fcZ  £r%t»ni 
In  a  case  of  this  kind  recorded  by  Uhthofi^^  there  remamcc  s  Jax  :«  bodi 
sides  of  the  visual  field  only  half- ring-shaped  xooes  ^^vatzmt  j.vink 
the  lower  part  of  the  field.  In  one  of  Jever s  cases*  v^  r^aaL  i»i  re- 
covered, so  that  only  a  small  relative  scotoma  for  green  ioiisSb^  Ijiig 
dose  to  the  fixation-point.     Recovery  is,  however,  of  nm 

A  central  scotoma   is   relatively  often  met  with  in 
Still,  it  is  seldom  so  absolute  in  these  cases  that  a  white  <:i!f&tst  ^jjSihii 
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scotomatous  area.  In  most  cases  the  defect  is  present  as  a  color-3o:c:c3.  ^ 
one  causing  uncertainty  in  the  area  where  colors  seem  darker  tbi::  z-  &- 
Often  it  appears  suddenly  to  vanish,  followed,  at  times,  by  aitert:*  c?  ia 
die  periphery  of  the  field.  Such  scotomata  may  be  easily  overi-xi^i  ** 
e,  even  if  very  small  examining  surfaces  are  used,  the  col:-??  -oIt 

'  a  darker  hue,  or  appear  as  if  covered  with  a  fog. 

The  visual-field  symptoms  of  chronic  intoxication-amblyopia  caa^  ? 

of  tobacco  and  alcohol  are  distinctly  separated  from  all  'jOc? 

«f  Md-defect  found  in  retrobulbar  neuritis.     There  is  an  ei-w^^ 

fiNr  red,  situated  between    the   fixation-point  and  the  Icai 

tar  boundaries  of  the  field  l>eing  intact     In  examining  ^*<^  > 

sorfiices  five  millimetres  square  or  less  shooki  he  isA 

jft  d«r  SehneiTcn  und  der  Netzhaut,  Berlin,  S.  ST. 
4cr  eigentlicheDf  nicht  durch  Intoxicatioii 
Berlin,  1887. 
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because  often  a  scotoraa  oannot  \m  d  e  ni  oust  rat  otl  by  a  larger  objixl.  ( >rdi- 
narily,  in  the  scotoruatoys  area  a  reel  olycct  appears  gray  or  dark  gray. 
Wben  the  disturbance  is  less  intense  the  red  color  apjiears  yellowish,  and 
if  the  disease-priK*ess  be  slight  it  may  assume  a  faint  or  dark  rt^  tint. 
White  shows  in  tlie  defective  area  as  either  "'less  clear-'  white  or  gray* 
The  defect  is  not  sharply  detined  round  the  edges,  but  passes  gradually 
through  a  zone  of  diminishtxl  pent^ption  to  the  intact  part  of  the  field. 
The  size  of  the  defect,  tlierefore,  often  dejiends  on  the  judgment  of  ex- 
aminer and  patient. 

At  the  l>eginning  of  intoxicationamblyopia  a  small  defect  for  re*!  color 
is  found  gitnatetl  external  to  the  fixation-point.  Should  it  spread  to  the 
fixation-point,  it  does  so  to  only  a  trifling  degree.  The  color-swtoma  is  in- 
variably present  in  both  eyes,  and  seems  to  apjiear  on  one  side  in  the  new 
caiBOS.  The  blind  area  for  red  is  increased  on  l>oth  sides  equally  to  eight  or 
ten  degrees,  tJiough  intelligent  patients  may  assert  that  even  in  the  portion 
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where  red  is  still  perceived  (between  the  ixtint  of  fixation  and  the  normal 
blind  spot)  they  cannot  perceive  the  red  object  so  clearly  as  they  can  when 
it  is  situated  inward  from  the  fixation* point  or  outward  from  Mariotte's 
spot.  If  the  disease  becomes  more  pronounced,  the  two  defects  at  the  fixa- 
tion-point and  the  blind  spot  incn^se  (as  in  Figs.  53  and  54)  towards  one 
another*  leaving  a  narrow  bridge  betu'<^n  them.  Finally  they  unite*  This 
union,  however,  does  not  usually  oc^i'iu'  in  the  direct  line  joining  the  fixa- 
tion-point and  the  blind  sp*t,  but,  like  that  seen  in  Figs*  53  and  54  (in 
Gftses  of  neuritis),  shows  that  they  unite  either  above  or  below  in  such  a 
way  that  a  peninsula  of  red -j perception  extending  from  above  or  below  into 
the  horseshoe*sha|>cd  defect  is  prcsc^nt.  Hometimes  an  island  in  which 
red-peroeptioE  is  present  remains,  surrounded  by  a  ring-shaped  defective 
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portion  of  the  field.  (Com|mre  Fig.  52,  in  which  the  defect  of  the  inuer 
upper  qiiadraot  has  developed  fi\>ra  a  cent  ml  scotoma  ui  a  case  of  axial 
neiirftiB,)  This  area  alno  disapj>ear8,  !*«>  tlmt  the  defect  asf^umes  the  fiirm  of 
a  horizotita]  oval,  (iSee  Fig.  55.)  At  tlie  t^tne  time  the  periplieml  liEiits 
for  red  i-emaiu  norniah  The  egg-sliapcd  defect  for  red  does  not  inei'ease 
etjually  all  roiindj  but  at  first  eolarges  iu  an  upward  direction,  until  it 
reaches  the  limit  of  red-iMiTeeptiou,  giving  rise  to  the  saying,  **  The  defect 
has  broken  thi*ough  upward,"     (See  Fig.  56.)     Occasionally  the  increase 
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of  the  scotoma  causes  a  drawing  in  of  the  bounds  for  red  of  the  outer  edge 

of  the  visual  field,  8o  that  tlie  narrow  bridge  of  red  which  lies  between 
them  is  broken  througiL  If  the  defect  cx)ntinues  to  extend  through  the 
entire  region  where  reil  is  j>creeivtH:l,  it  next  breaks  tli rough  downward,  so 
that  the  visual  field  for  this  color  is  divided  into  two  halves,  (See  Fig. 
67.)  Ijater  red  is  preservtKl  only  in  an  area  situated  inwanl  from  the 
fixation-point  in  the  region  of  the  uneros.'^ei]  tWienlus.  Finally  the  last 
remnants  of  red  fade,  leaving  the  patient  only  the  ability  to  distiuguish 
between  blue  and  yellow,  Tlic  phases  of  loss  for  the  green  field  exhibit 
the  same  peculiarities  as  do  those  for  red.  This  acquired  variety  of  ciilor- 
blindness  is  distinguished  from  the  congenital  form  by  the  marked  diminn- 
tion  of  tx'ntral  visual  acittencss. 

Uhthoff's  exj>erien€H5^  has  shown  that  but  two  among  one  hundnxl  and 
thirty-eight  cases  showeil  a  large  central  abst>lute  scotoma  surrounded  by  a 
wide  blue-blind  zone.  The  writer  can  add  his  testimony  to  this  jissc^rtion. 
In  his  ea.ses  rc^l  and  green  were  unrerognizc^h  This  ending  to  a  tobacco 
and  alcohol  amblyopia  is  mre.  Acci»rding  to  Ulithoffj  even  those  cases  in 
which  the  perception  of  red  and  green  is  lost  may  recover.     In  uncom- 
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plicated  cases  the  outer  margins  of  the  tiekl  remain  normal  throughout 
the  ccmtinuaace  of  the  disease,  but  there  may  be  a  coincident  concentric 
shrinkage  iis  the  result  of  au  iutcrcurrent  functional  nervoun  distiirkmce  ; 
a  condition  that  is  of  impurtauee  when  tield-defects  are  com  pared  witli  the 
mieroseopfc  fiodings  of  croi^s-Rxtioiis  of  the  optic  nerve.  The  termination 
of  intoxieation-amblyopia  (which  is  invariably  binocular)  in  by  far  the 
grciiter  niimljcr  ot*  eases  is  a  more  or  less  ccjmplete  recovery,  with  return 
of  the  fields  of  vision.     Id  othei's  tlie  defects  remain  unaltered.     Rarely 
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the  condition  passes  on  to  atrophy  of  the  optic  nerves,  with  pi-ogressive 
peripheral  shrinkage  of  the  field  limits. 

Bunge*  and  Sachs  ^  Imve  sliowii  that  the  position  of  tlie  typical  oval 
scotomBj  lying  as  tt  does  ecN-entrically  simj  to  the  outer  side  of  the  tixation- 
point,  IxKHimes  of  prr:>miat*nt  importiuice  in  that  in  the  corresponding  paiis 
of  the  retina  the  finer  qualities  of  the  vi.sujd  st^ise  are  often  destroyed. 
During  the  jK^riixl  of  rec*<jvery  the  last  renmants  of  the  scotoma  may  l>e 
demon ?^tnite<l  when  the  centre  sufiices  for  all  demands,  as  regards  color-  and 
space-sensCj  tliat  tnxiinary  clinical  mcthrxls  of  examination  require.  This 
area,  called  by  Sachs  the  "  corespaee,"  extends  in  a  horizontal  dirwtion  from 
one  or  two  degrees  to  about  eight  degrees  laterally  fnmi  the  tixat  ion -point. 
Its  extent  of  vertical  direction  generally  nearly  coincides  with  the  hori- 
zoutah  Tn  this  space  it  is  easiest  for  small  ahstilute  sc<»tomata  to  apjiear, 
and  it  is  the  situation  in  which  tlic  scotomata  shrink  as  they  gradually 
lessen  during  the  stages  of  recovery  from  amblyopia.  The  area  itself  is 
situated  lictween  the  fixation-point  anil  the  peninsula  already  alluded  to, 
giving  tlie  scotoma  its  horseslnx.*  shape  during  the  beginning  of  tlie  disease. 

i  Ueb«r  Gefichtsfeld  und  Faserverlauf  im  optische  Leitungsappamtus,  Halle^  1884. 
•  Archiv  fiir  Augenheilkunde,  Bd.  xviiL  S.  42. 


2S6 


PERIMETRY   AND   ITS   CLHaCAL  VALUE. 


Uhthoff  calls  atteiiti€>Ji  to  this  sjmceJ  As  theixi  niay  be  a  visual  acuteness 
ol*  f  at  the  centre  of  the  field,  and  yot  a  small  red  object  completely  dis- 
appear at  this  jM^int,  Bunge^  in  order  to  make  a  rapid  diaginjsis  of  such  a 
color-scotoma,  platM?s  two  rt*d  surfaces  on  the  bow  of  the  perimeter,  so  tliat 
one  is  eight  degrees  on  tlie  na^I  side  and  the  other  the  same  uumber  of 
degrees  on  the  temiw^ral  side  of  the  fixation-|M:)int.  This  done,  he  makes  the  \ 
patient  simultaneously  compare  the  two  color-areas  whilst  f-entral  fixation  is  ' 
carefully  preserved. 

The  lateral  {Kisition  of  the  *'  corespaoe''  also  demonstrates  the  almost 
c«instaiit  ohservutioQ  that  the  right  eye  finds  difficulties  in  reading  print* 
wliieh  nms  together^  because  a  large  part  of  the  letters  of  a  long  word 
fulls  on  this  space  of  the  scotoma.  Hence  also  can  be  undei"st<KKl  why 
there  should  be  difficulty  in  seeing  near  objects  when  distant  ones  are  dis- 
tinct* Moreover,  it  can  be  seen,  on  acc^ount  of  the  lateral  position  of 
this  space,  why  vision  in  the  left  eye  fails  in  passing  from  the  end  of  one 
line  to  the  beginning  of  another  when  reading,  and  often  for  the  first  letter 
of  a  woi^. 

Though  an  oval-shaped  defect  with  its  long  diameter  lying  transversely 
includes  the  fixation-point  as  well  as  the  blind  sjx)t,  yet  the  former  area  is 
ordinarily  covered  in  a  minor  degree  inwaiYl.  The  defect  is  less  noticeable 
in  binocular  vision,  Ijecause  the  centnil  healthy  halves  of  the  visual  fields 
cover  the  greater  part  of  the  temporal  p<jrtions  of  the  scotoma  and  tims 
form  a  useful  fickL  In  consequence  of  this  slight  inclusion  of  the  fixation- 
points,  there  remains  only  a  small  scotoma  close  round  the  fixation-[)oint 
in  the  binocular  field.  For  this  reason  even  watchful  patients  commonly 
overlook  the  c^jmmencsement  of  the  disturlmnee,  through  not  testing  their 
own  monocnilar  visual  power. 

Physicians  with  little  experience  may  he  tempted  to  mistake  a  central 
scotoma  of  i  n  to  xitnti  on -amblyopia  for  a  tempo  ml  hemianopic  one.  In 
order  to  dilfercntiate  between  the  two  conditions  it  must  l>e  borne  in  mind 
that  in  tem|Mntil  hemianopssia  the  scotoma  always  extends  to  the  fixation- 
point,  while  in  the  scotoma  of  iutoxication-amblyopia  it  extends  inward 
over  the  fixation-point,  usually  only  slightly,  in  all  meridians. 

Uhthoff"^  has  shown  from  those  cases  which  he  was  able  to  examine 
microscopical ly  that  there  are  always  some  nerve- fibres  which  remain 
healthy  among  the  diseased  ones  of  the  papilla,  even  where  the  disease  is 
most  intense,  a  c<3ndition  which  is  observc^d  only  at  the  outer  edge  of  the 
affecte<l  parts  of  the  nerve  in  primar\^  atrojihlc  processes. 

This  partial  ret4?ution  of  small  iTtiform  spaces  witli  healthy  nerve-fibres 
in  the  midst  of  a  marked  degrtM^  of  interstitial  change  is  peculiar  to  those 
alterations  of  the  visual  nerves  which  are  causetl  by  akx>hol. 

The  field  of  vision   in   diseased  conditions  of  the  nerves  l)ehind   the 


»  ArcMv  fur  Ophthalmologie,  xxxiii.  !»  807. 
»Ibid.,  xxiii.  a,  4,  146. 
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eyeball  can  o^ve  no  direct  answer  to  the  question  as  to  where  the  prinmry 
seat  of  the  dissease  is  to  be  regarded  as  sitiiateil  in  the  wln>le  course  of  the 
optic  tract.  If  rniieh  disttirbanee  of  vision  has  Ijceu  present  for  a  long 
time  before  the  slitrlit  inflammatory  ehange.s  at  the  papilla  c^iu  be  rea)g- 
nized  with  the  uphtimlmoscope,  this  indieates  a  puint  of  origin  of  the 
trouble  far  back  from  tlie  eyeball.  Hock  believed  it  necessary  to  locate  the 
point  of  origin  of  the  dL^rase  in  tJic  optic  canal  in  siieh  t^scSj  l)ecaiise  in 
acute  retrobulbar  neuritis  \mm  is  fi*equeot]y  felt  wlien  the  eye  is  moved  or 
pressed  into  the  orbit.  An  inflaniraatiou  of  the  dura  mater  (which  actn  as 
periosteum  in  this  canal)  spreails  along  the  pial  sheath  of  the  optic  nerve 
and  thus  causes  a  secondary  neuritis.  The  swelling  following  this  inflam- 
mation then  presses  on  the  whole  optic  nerve,  and  thus  tlic  jvapillo- macular 
fibres,  which  are  here  situated  iu  the  centi-e,  are  hindere^l  in  their  fnnetion. 
The  jieripheral  defects  of  the  visual  field  would  at  the  same  time  cr>rrespond 
with  those  jxvrtions  of  tbe  c<jnducting  optic  nerve  fibres  which  ai'e  nearest 
to  the  pathological  pnx-ess  in  the  shmths. 

UhthoflF*  has  made  investigations  in  the  neuritis  of  the  papillo- 
macular  nerve-fibre  bundle  iu  cases  of  intoxication-amblyopiaj  which  show 
that  the  process  in  the  optic  canal  has  also  its  point  of  exit  behind  the 
eyeball. 

III. 

This  group  includes  all  those  cases  in  which  concentric  shrinkage  of 
the  field  with  good  central  visual  aeuteness  and  color-perception  over  those 
portions  of  the  field  which  remain  active  is  ftmnd.  In  this  variety  of  dis- 
turljance  it  must  be  assiimtd  that  there  is  a  relatively  normal  condition  of 
the  nerve- fibres  passing  to  the  macula  kit4?a  and  its  neighborhood. 

Ver>'  few  of  these  cases  have  been  described  uji  to  the  present  time. 
Uhthnff*  hai!  pictured  and  described  three  such  iustanecs,  and  the  author  is 
able  to  arid  two  cases  from  his  own  ol>serv'ations, 

Uhthoif  has  demonstmt-ed  by  microscopic  examination  that  in  this 
disease  there^  is  au  interstitial-neurotic  profx^ss  which  has  spread  from 
the  innermost  slu^ath  of  the  o\\t'w  nerve  and  (xwered  its  whole  trunk, 
enclosing  and  compi*es8ing  its  outer  jiortions,  thus  causing  a  secondary 
atrophy  of  the  nerve-fibres,  so  that  only  its  t*entral  portions  are  healthy  or 
relatively  so. 

Figure  58  represents  the  left  field  of  a  case  of  tal>es  dorsalis.  The 
condition  develoi>cd  very  sufldenlvj  and  remained  stationary. 

It  should  l>e  reganh^d  as  a  rule  in  progremivc  atrophia  of  the  optic 
nerves  to  find  a  positive  o|J*tlialmoscopic  cliaiigc  with  the  chariiotcristic 
retreat  of  the  color-limits  from  the  periphery ^  and  commencing  shrinkage 
of  the  visual  field  limits, 

A  high  degree  uf  concentric  diminution  of  the  field  with  good  central 
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*  Ope  re  cJttito,  p,  256. 
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visual  aeuteness  and  color- perception,  aud  tiie  retention  of  a  small  jmrt  of 
the  field  situated  at  the  peripliery,  ring-shaped  portions  of  the  field,  or  the 
appearance  of  a  central  scotoma  with  free  |>eriphery  of  the  visual  field,  are 
symptoms  of  the  utmost  rarity  in  progressive  atrophy  of  the  visual  nerves. 
Syphilitic  diseases  usually  apj.>ear  as  perineuritis  and  neuritis  desceudens, 
as  von  Graefe  described  them.  The  intra-cranial  part  of  the  optic  tract  is 
chiefly  affeete<l,  and  the  disturbance  consists  in  an  increase  of  its  volume 
(interstitial  gummatous  neuritis).  A  central  scotoma  is  a  relatively  unusiiiil 
disturbance  of  the  field  of  vision.     While  syphilitic  retrobulbar  neuritis 
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ifi  distinguished  from  the  other  forms  of  retrobulbar  neuritis  by  the  rarity 
of  the  oceuri-ence  of  central  scotoma,  yet  it  must  be  remembered  that 
certain  analogies  exist  between  the  visual  disturban^M^  of  disseminated  dm 
of  sclerosis  and  those  of  cerebral  syphilis^  Hemianopic  defects  of  tlie  field 
of  vision  are  unusual  in  disseminated  sclerosis. 

According  to  the  form  of  tlie  defet^ts  in  the  field  of  vision,  mnttiple 
sclerosis  may  be  divided  into  tlie  following  groupings : 

1.  The  anomaly  of  the  field  of  vision  consists  in  the  appearance  of  a 
central  scotoma  with  a  normal  jK'ripbery  field  in  one  or  both  eyes.  Tlie 
scotoma  is  seldom  absolute.  Usually  it  is  one  fur  gr*ceu  and  red,  less  often 
for  greeu,  red,  and  blue.  Very  often  it  is  simply  an  indistinct  one  in  which 
the  colors  are  darker  or  alteretl  in  color- tone.  JH 

The  peripheral  |>ortion  of  tlie  field   may  remain  gooil  whilst  green  or  ™ 
red  and  green  either  are  not  st^cu  or  are  recognized  only  as  separate  spots. 
Blue  is  als*)  recognized  in  only  small  parts  of  tlie  field.     The  limits  of  the 
color-fields  alone  are  eonccutriaiily  dwreaseti 

2,  There  are  central  swtomata  mmbined  with  diminution  of  the  i)eriph- 
ery  of  the  field  of  vision  which  attack  one  or  both  eyes. 
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3,  The  visuiil  fii'Vi  i^is  a  |>eri])liery  which  is  more  or  less  irregularly 
shrunken,  with  relatively  perleet  eentral  vision. 

4.  There  is  regular  general  eonoentrie  diminution,  caused  by  a  purely 
funt'tioDiil  condition. 

Stress  must  be  laid  alao  on  the  sudden  onset  and  the  equally  rapid  dis- 
appearance of  defects  in  the  field  of  vision^  on  the  fluctuation  and  alterna- 
tion from  one  eye  to  the  other,  and  on  the  sudden  change  in  the  same  eye 
fix>m  a  central  scotoma  to  a  j^riplieral  diminution. 

In  Table  11-  the  chief  primary  atrophic  and  neurotic  dii^ases  of  the 
optic  tract  are  contrasted  with  one  another,  in  order  to  give  in  condensed 
form  a  risumi  of  tiie  chapter  on  the  diseases  of  the  optic  tract,  as  well 
as  to  assist  in  the  diffei'ential  diagnosis  by  direct  ctintrast  of  the  separate 
diagnostic  indications  and  the  different  forms  of  their  ap{>earance, 

TABLE  II. 

TauE  pROORBssivK  Atrophy  of  the  Optic  Nekve.  This  is  rarely  idiopathic.  Bi- 
^lerfli. ^-Always  bilaterul.  Tbt?  onsot  miiy  ciccur  in  one  eye  or  in  both  eyes  at  once.  Agt. 
^From  eigbteenlh  year  upward.  Sex. — Both  ^ciea  suffer,  but  the  male  cases  preponderate. 
Ophthahnoscopie  DrntputsU.  White  or  grayish  paling  of  the  disk.  Atrophic  eupping  of 
th-e  disk*  VesBels  usually  somewhat  shrunken.  Paliog  of  the  dhk  jilways  pn^sent  ut  com- 
mencement of  viisuul  disturbance.  Flefd  of  Vision^ — Concentric  and  often  irrcguliir  shrink- 
age of  tiie  fifldf  with  defects  which  enter  dei?ply  into  the  field  and  are  often  tector-ahaped. 
Early  reduction  uf  the  limitji  of  color- vi&irm.  with  the  dijaappeiirance  of  the  cnlors  from  the 
field  in  tbie  order:  6rst  green,  then  r«3,  lastly  blue.  Central  scotomatii  are  present  only 
in  conjunction  with  an  evenly  sp^ijid  pcripheml  sbrinkageand  a  high  degree  of  diminution 
of  color-perception.  At  the  onset  of  the  disease  the  extent  of  the  field  of  vision  for  white 
light  may  he  normal,  whilst  the  fields  for  color* vision  are  alnejidy  markedly  smaller.  Vimal 
Aeutentss. — UsjUally  decrented  at  the  beginning  of  the  attack.  Seldom  relatively  gof>d, 
with  marked  concentric  diminution.  In  the  latter  cases  the  fields  for  color-vision  are  all 
retained.  pH/>i/jp.— Dilated*  Slow  contriiction  tn  light  Course  of  Disease, — Creeping 
onset,  iteady  increase.  Sometimes  a  ptts&ing  halt  in  the  progress  for  a  time.  Usually  two  or 
three  years  after  the  oneet  of  the  di.nease  blindness  results.  Patfiological  Armtfymy. — Primary 
degeneration  of  the  nerve  elements  in  the  optic  nerve  tract-  Degeneration  in  large  degree 
of  the  non-medullated  ner^'e-fihre  tracts  in  the  papilla  and  in  the  retina. 

Frooreshivie  Atrophy  of  the  Optic  Nkrvk  in  Spinal  Nervk  Affections,  Tabes, 
AKD  Dementia.  Pn^^ent  in  from  fifteen  to  eighteen  per  cent,  of  tjibetie  cases.  Unilateral, 
—As  in  true  progressive  atrophy.  Age. — Usually  between  twenty-eighth  and  forty-fifth 
yean.  Sex, — Males  prep<>nderalingly  attacked,  Ophthaimo&Ci>pic  Dia/ftioms. — Aa  in  true 
pit)gret6ive  atrophy,  FUldof  VUdon. — K»  in  the  true  idiopathic  form.  Very  rarely  a  par- 
tial atrophy  is  presenti  where  the  defc'ct  is  sector-shaped  and  as  if  cut  with  a  chisel,  the 
limits  of  the  defect  coinciding  accurately  with  those  of  tlie  colnr-fields,  which  are  equally 
clear-cut.  The  crindition  is  stationary.  An  iiiolated  ccntml  scLitoinii  is  rare  Visual  Aciiie- 
ne&s. — Ab  in  true  idiopathic  optic  atrophy.  P?^/a/^,-=lTn equal  dilatation.  Irregular,  often 
Rngul»r-#haped.  Does  not  re^ct  t">  light.  Acts  fi>r  accommodation.  Pamft/ms  of  Eye* 
Muaelr^. — Nuclear  paralysis  and  paralysis  of  the  peripheral  muscles  of  the  eye  very  com- 
mon, ft«  well  as  the  cimcomitant  condition  of  uptic  atrophy,  which  it  often  precedes.  Course 
<*/  Disfnse. — The  disturbances  of  virion  may  precede  the  tabetic  or  panilytic  symptoms  by 
many  y eat? »  Blindness  alrnrist  always  re-^ults.  A  pardtil  atrophy  is  v*^ry  nire.  Tabes 
wi th  optic  atroph y  sh ou Id  have  a  s  1  < » w  a n d  l>e n ign  co urse .  Patholufjhal  A  n a tomy. — P ri niary 
degeneration  of  the  nerve  element*?  in  the  optic  nerve  tmct.  Degeneration  in  large  degree 
of  the  non-medu Hated  nerve-fibre  tracts  in  the  papilla  and  in  the  retina. 

DiSCABES  or  THE   NkRTES    OF  VISION   CQUMOK    IK    OXNTRAL    AWD   SPINAL    SyPH- 
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ILls. — Unilafernl  ami  Bitoterat, — Both.  OphthalnioHcopic  Diaonoaia. — In  t':'rtv  |»  r  i  -  r 
a  positive  ophlhalmo!«copic  diagnoeU.  Gray  atrophy  Is  never  found,  because  tb"^  i^:  -  -  — 
are  itiflaintiiatory.  At  llrst  uf?ually  ncgiiliv**,  because  the  deacending  Hlropby  or  neuritis  Laa 
not  yet  reach ed  the  la  i ti i iia  e ri broHu .  8 i  ni pl<?  desci* n d  i ii tr  ft tr< jpby  i  ii  foun«eo  per  ccn t.  of  tin 
C-UAes.  Nt?un>i-etJniti!;  und  neumtic  alrophy  in  twelve  per  cent,  nf  tbe  ea^es?.  ChoW  di^ 
fourteen  times  in  one  hundn^d  and  fitly  cHses.  ITsimUy  hibiteralT  but  sometime*  unilnU'wL 
Choked  disk  in  one  eye,  neuritis  in  tbe  other.  Hyperemia  and  &Hght  neuritt*  u^ual  m 
syphilis.  Field  of  Kwion.— Constant  ehtinge*  in  the  condition  of  the  shrinkage  in  the  tf^\ 
of  Tifiion.  Shrinkage  on  one  side  of  field  of  vision  only,  whilst  the  rest  of  the  field  reitim 
ita  normal  condition.  Wedge-  und  circular-shaped  remnujils  of  visual  field  in  tb«  e: 
periphery  of  this  field.  Concentric  diminution  of  field  with  relatively  good  or  i 
acutcnese  of  vifjion  und  retention  of  all  the  colors  in  field.  Central  iCx>tomata  mre,  aftd 
preienl  only  in  isolated  fevphilitic  disease  of  tbe  optic  tnict.  Unilateral  bUndnefe,  with 
temponil  heniiunojisia  of  the  second  eye.  Visual  AatUncss, — Variable.  Sometimet  pac- 
ing blindnL\SvS  und  u  high  degree  of  visual  disturbance  present,  with  little  changt  ob- 
servable  by  the  opbthiilmoscope.  Pupils, — Comparative  relation  to  the  intensity  of  tht 
disease.  Sometime*i  reflex  immobility  of  pupil.  Deficiency  in  the  puptUary  reaction  lit 
result  of  nuclear  paralysis.  PtiralyaU  of  Ei/e-iMHseUi, — Often  tbe  ppe^enee  of  an  in- 
volvement of  one  or  more  of  the  nerves  of  the  ba^e  of  the  brain  is  present-  In  one  buii- 
dred  and  *sixty-seven  autopsies  aflbcdonB  of  the  optic  apparatus  -=  101,  of  the  oculo-rootfir 
nerves  ■=;  Oft,  of  the  aMucens  =^  29,  of  the  »ufierior  oblique  =  6,  of  the  trigc*niinu»  =  S-i 
Churse  of  Di^ea.ne. — Onset  of  disease  subacute.  Recovery  at  any  stage  of  the  disea^.  Fi*- 
quent  variabitity,  particularly  in  the  acutene^fi  of  visiion  und  the  field  of  vision.  Restitutio 
in  integrum  jx^ss^ible.  Permanent  bilateral  blindue&s  very  unusiUttL  Pathoktgital  Anatamf. 
Usually  gummatous  meningitit*  at  the  base  of  the  brain  and  syphilitic  disease  of  theoere^ 
bral  arteries.  Strangulation  of  the  nerves  of  vision  by  the  arteria  coqxira  calioei  or  bj 
pressure  from  the  carotis  interna,  where  tbis  vessel  lies  in  contact  with  the  under  sur^Mi^  «(f 
the  intrucninial  optic  tract.  Less  often  large  isolated  gummatous  tumors  D&scendittf 
neuritis  with  hydrops  of  the  sheath  of  the  optic  nerve.  Perineuritis  with  interstitial  neu- 
ritis, usual  I V  of  the  peripheral  nerve-fibre  bundles  of  the  optic  tract,  so  that  the  nerre- 
fibre  bundles  which  are  situnted  in  the  centre  of  this  tract  remain  normal  or  r^lativt'ly 
fio.  Gummatous  degenemtitui  of  the  intracranial  optic  tract.  Interstitial  infiammatiua 
or  gummatous  degeneratiun  of  a  separate  portion  cjf  the  crt>6s-fiection  of  the  optic  tr*cl 
only.  Variable  conditioTis  of  pressure^onducting  nerve*paths  cK^casioned  by  the  mpM 
growth  and  resolution  of  granulation-tissuej  which  constricts  the  chiai^m  and  the  Dervi^ 
In  addition  to  this^  the  ti^ue  which  sends  its  processes  between  the  nervc^-flbret  k  very 
prone  to  swell  in  consequence  of  the  growth  of  numerous  new  blood-vessels. 

DtSKA8E6  OF   THE   OPTIC    NKRVKfi    IM    MULTIPLE    ScLBROSlS, —  Vmlatrrol  tntd  BUsi' 

tfra/.^Uften  piis^tes  from  one  eye  to  the  other.  About  half  the  caaes  are  unilafcenil  ind 
the  other  half  bilateral.  Arjt. — From  twentieth  to  fortieth  year.  Srr. — Malei  usuall/ 
at  tacked.  Ophiftalmosropir  Duufnosis.—lu  abnut  one-half  of  all  cn»es  the  dii^tiotis  i» 
abnormal.  With  a  normal  diagnosis  there  may  nevertheless  be  wide-«pread  diaatw 
back  in  tbe  optic  tract.  Incomplete  atrnphie  jT4iling  of  di^k  in  con&e(^uenc?e  of  the  r^ti'ti- 
tion  of  part  of  the  axis-cylinders  of  the  papilla  and  retina.  Partial  paling  of  the  tell^• 
piraf  half  of  the  disk.  One  can  draw  no  conclusion  m  tH:>  the  visual  field  (central  jculeroi) 
from  this  paling  of  the  disk.  Optic  neuritis  (six  per  cent,  of  the  co^ea)  usually  fVigitlT* 
in  its  couree,  and  dependent  on  fresh  sclert^tic  changes  close  behind  the  laniinM,  /uW«/ 
qfVutim^^ — Predominating  central  scotoma,  usually  a  color,  seldom  a  complete  sc*il4>tnii 
Periphery  is  almost  always  free.  Small  ring  &eotomata  very  rare.  Scot<imata  of  iadiitintl- 
ness  common.  Change  from  centnd  scotoma  to  diminution  of  periphery  of  field  in  tb<f 
same  eye.  Disappeartmce^  reappeanince*  or  complete  recovery  of  central  seotomnta.  Also 
oonoentdc  Irregular  diminutii>n  of  field  as  in  tabes,  and  geniune  progre^ive  atrophy  of 
optic  nerve.  Purely  functional  disturbances  are  also  observed^  such  as  shrinking^  and  ip- 
pearances  of  field  following  exhaustion.  Hemianopsia  has  not  yet  been  observed.  K*rk<d 
irregularity  in  the  i-elation  of  the  **phthalmo8copic  diagnosis  and  the  di8turbanc»>9  in  ttt« 
field  of  vision.      Vismtl  A^utcrieas. — Well-marked    irregularities  in  the  relation  betwiwn 
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the  ophthalmoscopic  cbansres  and  the  centnil  acutenesB  *M'  vision,  witbtiut  uny  demoniilm- 
ble  scotoma  of  indistinctne**.  PuplU, — Keaction  may  be  itiU  well  pre?Herved  even  where 
vision  is  markedly  d!aturb<?d.  Cmtt'se  of  Dhenfte, — The  eje-ey mptonis  oifly  precede  other 
symptutns  even  by  aeveml  yenrs,  A  fuddeti  iittitck,  often  with  great  dUturbance  of  vision. 
Rnpid  recovery,  lieciivery  coniijum.  Complete  blindness  v*?ry  nire,  Ditlerentiid  ditm- 
not^i^  of  fivultiple  sclercwis  and  hysteria  uften  very  difficult.  Keraarkabk^  Biid  ir regular 
cbuhg^  in  llie  altenitioni:  of  the  tleld  of  vision.  Pntholo(jk*at  Anahmnf. — The  chanjjes  in 
lli«  optic  nerve  an^  u:?UHlly  distributed  quite  irregulftrlVf  iind  may  be  R'ntter»?d  over  tlie 
whole  optic  tmct;  inetiu while  the  ophthaluKMCopic  dkl^;noi^is  of  the  prirtiiil  temporal  or 
the  ioeomjJete  atrophic  palinja;  of  the  disk  perhapa  is  cuused  only  by  uiiirnp<»rtanl  chiin^ea 
close  liehiud  the  lanitna  cribrosH,  which  do  not  givp  rise  to  miy  dlniurbance  of  vision.  There 
is  no  tendency  to  descending  degeneration  from  ftjci  lying  further  back  in  the  optic  tract. 
Often  there  is  good  pre^^ervrtlion  of  the  aik-cylinders  in  the  ntrobiilbftp  acler«>K»'d  portions*, 
and  an  ulniost  normal  condilion  of  the  non-niedulhited  nerve-iiLre  triieU!  in  the  ptipilla  imd 
the  retina.  The  chant^en  in  the  nerves  of  vision  appear  to  ^tjiud  etpirilly  between  the  con- 
dition of  primary  tiitaic  atrophy  and  the  atrojjhy  of  the  vinu»l  mTves  which  \h  eonser|nenl 
on  interruption  of  the  conductinL;;  putli  on  the  one  hand^  and  on  tlie  other  an  actual  inter- 
stitial nenritic  atrophy.     (Uhlhotl'.) 

Ketrouuluar.  Neuritis  not  caused  by  Syphilis  or  Chronic  Intoxication.— 
UnilAtentl  ami  BUaierai.^lzi  this  case  not  &o  typical.     Defects  present  in  both  eyes,  as  in 

chronic  intoxic44tion*i.  A  ^pace  of  week^  or  months  may  pa&s  before  the  second  eye  is 
Aijr, — Youth  is  mostly  the  |w^riod  of  attack.  Sex. — Mules  two-third.*,  femdldH 
ODe-thtrd.  OphthalmuHctufHc  Diogmma. — Normal  and  optic  neuritifl,  which  then  URually 
occurs  later.  Mt>?itly  partial  paling  of  the  papill^j-mfieular  nerve-Hbre  bundle.  Ftcdi  af 
Visimi- — Predomifitince  of  large  absolute  centnd  ^cotomflta,  usually  with  a  clear  penpher)'^ 
of  the  fields  or  defects  in  the  field,  which  are  the  result  of  the  enlargemei>t  of  central  ecoto- 
mata  (partial  rin^'-shapffd  zones  of  the  Held  of  vision  which  ri'imain  preserved K  Also  cen- 
tral color-fctJlonnita.  Seldom  irregular  defects  extending  towards  the  periphery  are  preaent. 
Visual  Acutene^s. — The  visual  aeuteness  shows  great  variations.  It  may  vary  from  the 
reading  of  small  print  to  complete  blindness.  A  permanent  absolute  amaiirofiis  is  rare. 
F^tplh. — The  pupil,  when  the  sound  eye  is  covered,  is  more  dilated  and  moves  more  slowly 
tb.Hfj  the  healthy  eye.  Tht^re  is  no  retlex  pamly^i«.  Conrmiif  Dhf^a^K, — vSomc^times  there  \& 
pain  in  back  of  orbit.  On^^et  sudden^  often  aecompanied  by  u  high  degree  of  disturbance 
of  vision.  Kapid  improvement.  Kecovery  or  nrrcht  and  htasia  at  any  stage  of  develop- 
iDent,  alflo  complete  blindne>^»  Improvement  common.  Fathtlvgical  Anatom^f  —^i^un\S^ 
of  the  papillo-nitteuhir  bundle  is  very  c<jmmon ;  less  often  there  i.4  interstitial  neuritis  of 
^jpecial  parts  of  the  cross-section  of  the  optic  tract.     Always  descending  atrophy  toward* 

papilla,  which  cau*«es  the  paling  of  the  temporal  half  of  the  papilla. 
Nkurttw  DKPKNnENT  ON  Herkditary  CoxDiTtONS.— ^i/a^rm/. — Always  bilateml. 
Age, — Early  y**arH.  Stt. — Chiefly  imile*  attiicketL  Ophthalmoscopic  Diagmiftis. — Atrophic 
pilling  of  the  di*k,  following  the  descending  atrophy.  Fldd  uj  \%}i'um, — Absolute  central 
£cnt4imata  of  larger  or  *nuiller  extent,  oometimed  allowing  only  half  ring-s^haped  zone«  to 
remain  in  the  periphery  of  the  field.  Viaual  Acute ne^s. — Weakened  in  a  large  degn^e. 
0*Mr*e  of  Disease. —  The  ultimate  rei^ult  is  very  weak  vision;  never  blindne^^^.  Slow 
course.     Recovery  not  impofisible. 

Tobacco  and  Alcohol  Amblyopia.  —  Undahrnl. — In  one  caj?e.  BllateraL^^Of  one 
hundred  and  thirty-nine  ease*  one  hundred  and  thirty-eight  bilateraL  -^^u.^Usiially 
between  forty  and  *ixty  year*»  Sex. — Malrs  with  almost  no  exceptions.  Ophthabno- 
B(<tpir.  Dintftutsui, — At  c*>mmencement  normal*  later  paling  of  the  tempiral  halves  of  the 
dUks.  Faint  cloudineiss  of  the  disk  and  isnrrounding  piirtions  of  the  retina,  Hypcnemia 
of  papilla.  Retinal  hemorrhage?.  Firhlof  ri.«oo«.^l'redomi!iiitinij  presence  of  long,  oval- 
shaped  color-w^otomata  for  n^d  nnd  gn^eu  i^ituatwl  between  F  and  Al.  Heutoinata  for  blue 
are  nare.  Ab'olule  .ecotomata  within  the  color-flcotomata  are  rare,  and^  when  present, 
small.  Periphery  of  field  of  visit  ►n  unaflecttHl,  Complete  1o*a  of  rtxl-color  perception  in  the 
field  of  vision T  whilst  the  ejctenl  of  the  |K>rception  of  white  rifmains  normal.  In  alcohol 
poieoDing  there  U  also  a  general,  evenly  fpread  concentric  diminution  of  the  Held  resulting 
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from  flinctiotuil  cau^e.  Vimtal  Acutaifjis.—GreiAi  weakness  in  vkiml  acwteness.  with  no 
con^ULnt  relation  to  the  size  of  the  detect  in  the  liflJ  tif  vision.  In  caiiCii  where  early  trent- 
ment  can  be  obtained,  eonipk^e  r^^iituration  of  sight  i&  usual,  PupiU, — In  alcohol  poisrm- 
iiig  ditfen-nee  in  the  two  piipik  not  uncummon.  Paralytic  of  E]ft*M%taeUB. — In  alcohol 
pcHsoning  we  M>ra«tirnp>«  find  paml>>U  ♦>f  the  abducens*  Cbttrse  of  Disease, — Attack  bilat- 
ernl  and  niustly  aynclmmous.  Sbiw  devchipment  of  thi:'  disturbanw  «>f  virion,  Usuully 
nx'ovcTj  or  imppoveinent.  Pathological  Anatomy. — ^A  irfuritia  linih>Hl  tu  the  papillti-macU' 
Inr  ner\"Mibre  bundle,  reaching  often  in  its  divoive  further  spread  centraliy  to  the  primwy 
centre.  Even  in  thuse  portions  which  are  must  virulently  attacked  there  are  separate, 
Wfd  I -preserved  nerve-fihre  bundles.  Hence  the  rarity  of  absolute  seutoma.  There  may  l»e 
well-marked  anatomical  changes  together  wkh  paling  of  the  temporal  half  of  the  paptlli 
without  any  eulistantial  disturbance  of  the  vision. 


THE    FIELD   OF    VISION   AS   FOUND  IN   DISEASES  AFFEtmNO   THE  CHIASM. 

The  Paths  of  the  Nerve^Mbres  in  the  Chiuifm, — The  papillo-niafular 
bundle^  whi<'h  reat'hes  the  chiasm  in  the  slja|ie  af  an  intil  lying  horizontally 
(see  Fig.  41),  rotaitis  its  ceuti^l  position  initil  it  readies  the  chiasm.  (See 
Fig,  59,  m»  m\)  Farther  back  towards  the  centre  of  the  chiasm  it  alraost 
reat*heH  tiie  iM'riphen%aiHl  liere  the  fibres  Wlongiiig  to  the  faisciculiis  cniciatus 
cress  one  atiuther  {m\  j/t').  It  sinks  once  moi-e  and  lies  ventm-ceutrally  in 
the  tract.  The  crossed  fibres  of  this  bundle  lie  ni<n^  centrally  {m),  and  the 
Uiierosscil  ones  more  laterally  (m',  m'). 

When  a  cross- section  of  the  optic  tract  is  made  immediately  in  front  of 
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the  chiamii,  it  will  be  found  that  the  crossed  fibres  occupy  the  <lorso*medial 

uirt  of  I  he  [K^riphetT  of  the  section,  and  the  nncrosscHi  fibres  are  sitiiate^i 

til  the  veutnMiK'iIial  portion  of  the  i>ei'iphcry  of  the  section.     The  bundles 

then  lHHM»me  <tiviiIt.Hl  into  a  number  which  are  flattt*ned   horizontally,  and 

kiwm^  intermix  with  one  another.     The  crossed  fibrf^lnnnlles  come  together 

llgiliu  H(  ihe  ventro-latera!  margin  of  the  eliiasm,  tbrming  the  ti'aet.     Tlien 

^^bi^l^  i*  a  ilisplacement.     Tiic  cnjssing  does  not  take  place  all  at  one  jKjint, 

[Vui  *he  dorsal  nerve-fibre  bimdles  fi  t-^tcrKjss,  followed  by  the  more  cent  rally 

|liUi4Uvtl  oueti*     (Fig.  ^9,)     At  the  imsterior  angle  of  the  cbia.sm  the  r^im- 

jlHii^uml  utTve-fibi*es»  dc^ribed  by  von  Gndden,  Meyncrt,  and  Foreb  which 

[IIaUA}  Wi»  iurtueacr  on  vision,  ai-e  ffninib 

*'*>'  diNturhtliUT  of  vision  which  is  pathognomonic  of  distnt^bnnces  that 

with  (HUidnction  at  the  chiasm   is  temporal  licmianopsia  iu  ita 

IXHIWV^  iiiiiditicMti<uiM. 
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Tem]K>ral  heiuianopsia  is  observed  ouly  iu  organic  lesions  or  id  transient 
disturbaiiues  of  vision  wliich  result  from  organic  changes,  never  occurring 
in  disease-conditions  of  a  purely  functional  character. 

Let  the  cliiasni  l>e  divided  hy  a  frontiil  incision  jwissiiig  in  the  direction 
a^(b  (Fig.  60)  into  an  anterior  and  a  posterior  section.  The  conducting  path 
is  destroyed  (the  fasc*iculi  laterales  plus  the  fascicnlus  cruciatiis  of  each  hemi- 
sphere), causing  amaurosis  witli  loss  of  pupil  reflex  in  both  eyes.  In  tlie 
course  of  some  weeks  the  dcsscendiug  atrophy  that  follows  the  division  of  the 


aa 


a* 


P* 


p3 


axis-cylinders  of  the  whole  nen-e-trunk  (the  centrifugal  and  centripetal) 
from  their  primary  centre  (the  anterior  corpora  (piadrigeniina  and  the  corpus 
genieiilatum  externum)  on  the  one  hand,  and  the  ganglion  cells  which  lie 
I  in  the  ganglion-cell  layer  of  the  retina  on  the  other  hand,  causes  the  fundus, 
which  WHS  at  first  quite  normal,  to  present  gradually  the  picture  of  optic 

t  atrophy.  In  contrast  to  this^  let  the  chiasm  be  supposwl  to  be  di%^ided  by 
a  line  in  the  plane  of  the  sagittal  suture,  ced,  into  a  lefl  and  a  right  half. 
(Fig.  60.)  The  conduction  path  from  the  inner  halves  of  the  retins&of  both 
eyes  (inp  and  w*V^,  Fig.  60)  is  completely  destroyetb  This  causes  the  tem- 
poral halves  of  both  fields  of  vision  to  be  bliud,  and,  in  conscquenee  of  the 
interruption  in  the  conductivity  of  both  croSvScd  fasciculi,  iicrnianent  tem- 
poral hemianopsia  results.  After  a  few  weeks  the  inner  halves  of  the 
papilhe  (Fig.  38,  kr.cL,  kr.v.)  and  the  teui|Mind  halves,  which  are  fanned  of 
the  crossed  bundles  of  nerve-fibres  (mVi.  and  m^v,^  Fig,  38),  as  well  as  the 
papillo-macular  system,  become  whitened  in  consequence  of  descending 
atrophy,  k^ving  the  fasciculi  non-cruciati  intact,  The  nasal  half  of  the 
field  of  vision  of  each  eye  remains  normal,  and  the  normal  color-limits  of 
these  halves  coincide  ar^'urately  with  the  vertical  line  of  sejiaration  l>ctwcen 
the  two  halves  of  the  ftcld  of  vision.  In  such  a  t^se  of  typical  hemianopsia 
(see  Fig.  61)  caused  by  a  division  of  the  chiasm  at  its  centre  by  a  cut  in 


il4  iW  ikl«4wiUii*  n<m-cnieiatiis  are  not  separatetl  from  their  ganglion 
mill  yiH^  ^tiuwo  tlic  supply  of  their  nourishment  is  id  no  way  distu 

jhttbllflli '  aiul  DuH't^  assert  that  each  half  of  the  chiasm,  exactl; 

^  luiUUlo  Uttts  i"^  siipliHetl  trom  the  basal  artery  of  the  brain  of  the  on 

lo,  Htnl  t'tipecually  from  the  two  anterior  eerebral  arteries, 


Uou  Krkniu  kail  gen  J*^r  GclivrnHrterien^  Lejpsic,  187i. 
\iv  ^»\vifcioJogie  normale  ct  piithologi<jye,  iii.  torn,  i.,  Januazy,  X871, 
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Forst^r  ^  had  a  case  uuder  observation  for  ten  years  in  which  the  typic 
temp<>ral  hernia ntjpsf a  was  acconijianieil  by  unaltered  medial  halves  of  1 
fields  of  vision.  Weir  Mitchell-  has  reeorded  a  case  of  temporal 
anojjsia  in  which  an  aneurism  hud  ?^?panited  the  chiasm  at  its  centre,! 
that  the  nerve-fd^res  of  eaeh  taseieiilns  eruciatus  were  entirely  destroyo 
Siemerliug*  has  examined  the  specimens  from  a  case  of  temporal 
anopsia  micm8<^opieal!y.  He  ilnind  the  chiasm  ^)  thinned  that  it 
almost  divided  into  two  halves  in  eonseqnenee  of  the  |>i^essui^  of  the  flo 
of  the  thiixl  ventricle  npou  it  at  its  centre. 

If  a  liniit^nl  portion  *)f  tlie  centre  of  the  dorsal  surliK'c  of  the  ei 
is  altered  by  a  di8ease-[>ri)oess  at  the  point  where  the  papillomacular  fih 
from  the  iaseienlus  ertieiatus  lie  at  the  surface  and  interlaee,  thea  snA 
lesion  is  folio wtJ  by  paracentral  scotomata  in  the  temporal  halves  of  the 
visual  fields  t*j  the  outer  side  of  the  *ixatton-{>oint  iu  each  eye.     Here  tb^i 
disease-priKx^ss,  and  with  it  the  tcmjxiral  heinianopic  scotoma  in  each 
may  remain  in  the  same  couditionj  according  to  the  original  cause  of  the 
disease.     Such  a  condition   is  illustrated  by  a  ease  of  Beer's/     In  a  boy  i 
who  died  insane  a  long  narrow  exostosis  was  found  at  the  sella  turcici 
w^hich  penetrated  through  the  chiasm.     Such  temporal  hemianopic  scot<hl 
mata  are  described  by  Vo^ssius^  and  Forster,®     Such  scotomata  graduaUj 
increase,  and  include  finally  the  entire   tem|>oral  lialves  of  the  fields  of 
vision.     In  opposition  to  this  course,  a  typical  temporal  hemianopsia  niay 
gradually  recover  until  it  is  merely  a  tempond  hemianoptic  scotoma.    In 
such  a  case  possibly  a  Uisilar  gummatous  meningitis,   during  a  eertaiii 
stage  of  development  of  the  disease,  may  have  injunil  the  function  of  the 
fasciculus  cruciatns  by  pressure  (see  Fig.  GO),  whilst  at  the  point  of  inti 
section    of  the   papillo-macnkr    fibres    interstitial    neuritis    has   pn)diKt 
atrophy  of  the  fil>rcs.     Such  a  case  is  descrilieil  by  Ti^itflJ     (See  Fij 
63.)     A  female,  twe.uty-seveu  years  of  age»  married  to  a  syphilitic  hu 
band,  exhibited  bilateral  temporal  hemianopsia,  which  after  fourteen  day 
spontaneously  slirauk    to    symmetrical    paracentric   temporal   hemianopd 
scotomata. 

In  contrast  to  this,  if  a  disease-process  acting  upon  the  centre  of  1 
cliiasm,  such  as,  for  example,  a  tumor  of  the  hypophysis,  increases  iu 
evenly,  after  it  has  caused  a  temjwral  hemianopsia,  by  tl»e  destructioo  of 
the  fasc^iculus  crnciatus,  it  may  finally  interfere  with  the  function  of  \ 
fasciculus  non-cruciatus.     Such  a  prowss  shows  itself  in  the  field  of  vhla 
by  a  more  or  less  irix'gular  overstepping  of  the  vertical  line  of  division  oil 


^  Gmefe  und  Saemifieli^  Humlbuch  der  ^^ef^tirmtileo  Au^^nheUkunde,  vii,  116. 

*  Journal  of  Nervous  »nd  Mtutal  DUease,  1889^  xiv.  44, 

■  Archiv  fur  Psyt'bJsJtnx*  uiul  NLTVf^nkmiikheiteii,  Bd.  xx.  Heft  1. 

*  Lehre  von  den  Au«ic?nliuitkuTidc%  ii.  582. 

*  Von  trraefu's  Arebiv  fur  0|>kthiilriiok>tjie,  xxx.  8,  172. 

*  Gmefe  und  Saernbt-h,  Ujuidbuoh  der  gesammtou  Augenheilkunde,  vi\>  116. 
T  Centralbliitt  fur  Augf^tdn-i  Ik  uncle,  1881,  320. 
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the  field,  and  a  blindness  of  the  nasal  half  of  the  field.  If  a  patient  suffer- 
ing in  this  manner  is  seen  only  in  this  stage,  the  diagnosis  of  chiasm  disease 
is  difficult,  because  such  defects  of  the  visual  fields  can  be  caused  by  disease 
of  both  optic  nerves  at  symmetrical  points. 

If  the  disease-process  has  a  tendency  to  spread  from  the  centre  of  the 


g      % 

Right  half: 


Left  half. 

chiasm  farther  over  one  half  whilst  the  other  half  remains  unaffected,  blind- 
ness occurs  in  that  eye  which  corresponds  with  the  diseased  half,  while 
temporal  hemianopsia  remains  in  the  other  eye.  Such  a  case  Hirschberg 
describes.^  The  increase  of  the  disease-process  in  one  half  of  the  chiasm 
may  also  be  manifested  by  the  neighboring  lower  or  upper  quadrant  of 

1  DeutscSie  Zeitschrift  fOr  pnktIibH 
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lbs  nasal  half  of  the  field  of  vision  of  the  eye  corresponding  to  the  dis- 
iM^  (Kirtioa  of  the  chiasm  ihiling  in  function,  as  in  the  case  do^cribed 
hjr  Lttig.^  The  temporal  half  of  the  field  of  vi.sion  of  the  right  eye  m 
Ihift  QiM  wat*  wanting,  and  in  tlic  left  eye  not  only  this  portion  bnt  al^ 
iltmMt  ikft  whole  lower  quadrant  uf  the  nasal  half  of  the  field. 

Lit  cottlrasi  to  this,  one  Jiaseieulns  eruciatus  may  be  quite  destroyed,  the 
uiim-liief  in  the  otlier  gradually  abating,  as  in  a  ease  o!)served  by  Soh<>c*u,* 
In  tliifit  cti«e  there  was  bilateral  loss  uf  the  outer  halves  of  the  vij^ual  fiehl^, 
tha^  of  the  left  eye  being  complete,  whilst  only  the  np[>er  and  the  outer 
4iiadniDt  of  the  right  had  disappeared. 

If  tbw  prt>eess  which  destroys  the  function  spreads  fntm  tlie  anterior  or 
pf>i^%*rior  ibrk  of  the  chiasm  t<j wards  the  fibiTS  of  the  fasricnlns  eruciatus, 
iheii^  ^ould  Uie  focus  of  disease  destroy  the  nerve-fibre  bundles  supplying 
U»th  the  upper  and  the  inner  quadrant  of  the  retina  {AA\  Fig.  64), 
only  botli  tlie  lower  and  outer  quadrant  of  die 
^^"*  ^  retina  will  be  wautiug  ;  or  should  the  nerve-fibre 

bundles  £B^  be  altei'ed,  only  both  upj^w?r  retinal 
quadrantx^  will  be  gone.  If  only  .4  on  tlie  one 
side  and  B  on  the  other  (Fig.  64)  suffer  a  diminu- 
tion- of  function,  defects  will  l^e  found  in  the  fields 
of  vision  corresiKuiding  to  the  lower  teuiporal 
quadrant  of  the  rctiua  in  the  one  eye  and  to  the 
upper  temporal  quadrant  of  the  rt^tina  in  the  other. 
Accortling  to  the  attack  of  the  disease- foci,  sector- 
shajied  or  zonular  defects  in  the  tern  pond  halves 
gi*  ihe  vimiul  fields  will  l)e  found ;  and  according  to  the  outward  pressure 
Miul  the  intei>*titial  neurit!*'  processes,  those  portions  of  the  nerve-fibre  bun- 
dk<*  which  uit'  nt'iiivst  U*  them  will  lose  their  conductivity.  Treitf^I  *  has 
iki«iUnbi*U  w  i'itw**  ii^  which  the  half  of  the  lower  and  the  whoh-  of  the 
\k^h^ii^'  i|UHiU'HUt  of  the  tcmjioral  lialf  id*  the  vi>sual  field  of  the  right  eye 
wrv  detlcient.  In  the  Icil  eye  theix*  w^as  a  large  w^eilge-stjapiHl  scotonaa 
itiuuU'd  UM>wtly  iu  the  upper  quadrant  of  the  temponil  half  of  the  visual 
llvklt  *rhiii  U^^tui  at  the  fixalioti-jToint,  but  did  not  quite  reach  to  the 
|i4jyri)4iery* 

The  following  table  shows  the  forms  of  defects  that  are  present  or  de- 
\^fc)>  iu  Uw  eoiumj  of  typrr:al  tcnipond  hemianopsia,  or  w^hich,  commencing 
iln  typitHil  t^mpond  hcndanopsia,  gradually  partially  i*ecover. 


TABLE   in. 

I,  Tvi'kat  iwi4K»rui  hoiiimnopeia  in  one  eye;  in  the  other  the  upper  outi^r  qimdmnt 

'uMMi,  1>W   Lohn*  vom  Gf"*icht*fplcl  S.  71.}     AuconJinij  U*  Fig.  54,  a  single 

'»-M.tmviJd  A*A  B'li  H'B,  hv  which  jVB*  the  fibres  in  Uie  right  opticiu 

(kttlh  H  iu  Uit?  k4l  opticus  failt?d  to  net. 

I  Cvutmlblfltt  fur  Augenheilk untie,  1880,  S.  217. 

*  Ui©  LchpD  vom  Gesichl^feld,  S.  71. 

*  Awbiv  ftlr  Ophthulrnologiej  xjtv.  3,  S.  67. 
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2.  Typical  t^^mporal  hem iiin opsin  in  one  eye ;  in  the  other  the  lower  outer  qUHdnint 
was  lost.     {A* A  IV B  A' A.)     (Lwni,',  Centmlhlatt  fur  Augonht-ilkunde,  188<),  S,  217,) 

3.  In  both  eyes  only  the  upper  and  outer  qu»dmnts  were  lost.  {B'B  B'B.)  (Schoen, 
loco  citato,  S.  71.) 

4.  In  both  eyes  only  the  low*fr  wnd  onier  qua<lnintfl  were  lost.  {A' A  A^A.)  (Dimi- 
trctwski,  Centralblatt  fur  Augenheilkumk',  1880,  8.  639.) 

6.  One  eve  wuj?  blind;  the  teniponil  halt"  of  the  field  uf  vision  m  the  other  wai^  also 
blind,  {A' A  B'B  ah.)  (SienierlingT  Archiv  I'lir  Peychulogie  und  Nervenheilkunde^  Bd. 
xix-  Heft  2.) 

6.  One  eye  wae  blind;  in  the  other  only  the  upper  na^al  quadniiit  remained  active. 
{nb  A* A  B^B  A^A  B'B  a\}     (The  authors  cane  of  acromegaly.) 

7.  One  eye  was  blind  ;  in  I  be  oth^r  the  lower  mLsal  quadrant  remained,  {ab  A^A  B*B 
A' A  B'B  b'.)     (Seguin,  Joumul  of  Nervous  and  Mental  Disease,  1887,  xiv.  721.) 

8.  In  both  eyee  only  the  upper  nasal  qitadrtints  remained  active,  (a  A^A  B*B  A* A 
B*B  a^)     (Seboen,  loco  citato,  S.  71.) 

©,  In  both  eyes  only  the  lower  nasal  quadrants  remained  active*  (No  case  has  been 
reported.) 

As  the  chiasm  with  both  tracta  and  the  other  intracranial  portion  of 

both  optic  nerves  may  be  siirroumietl  \\y  gummatous  mas>&es  and  meiiingitic 
thickenings,  so  may  any  disease- process  spread  deeper  into  tlie  chiasm  or 
separate  portions  of  the  tracts  or  optic  nerves,  causing  irregular  defects 
in  the  field  of  visioHj  from  which  complityited  disease  of  the  chiasm  may 
be  assumed. 

For  inexperienced  observers  it  may  be  difficult  in  such  cases  to  make  a 
correct  diagnosis  from  the  apix^rance  of  the  dcfet*t8  of  the  field  of  virion. 
As  in  such  irregular-shaijcd  defects  the  function  is  often  merely  distnri)ed» 
it  is  wise,  in  order  to  make  more  certain  of  tlie  diagnosis  of  disease  of  the 
chiasm,  to  test  the  field  of  vision  for  white.  To  do  this,  the  patient  shoukl 
be  placed  with  his  Iwick  to  the  light  and  made  to  ^"i^  his  eye  on  the  ex- 
aminer's corresponding  eye  anil  cover  the  ntlier.  The  patient  is  to  be  ex- 
amined with  large  white  surtaces  of  pajjen  In  this  way  the  form  of  typical 
temporal  hemianopsia  may  be  obtaiotM.1. 

In  considering  these  irregular  defects  of  the  field  of  vision,  the  tnfiuenoe 
of  disease-processes  in  the  optic  tract  and  the  optic  papilla  should  Ix*  taken 
into  account.  Basal  gnnimatons  meningitis,  which  often  causes  dist^ase  of 
the  chiasm,  has  also  a  tendency,  by  a  desi^ndiug  neuritis  and  (Hiri neuritis, 
to  cause  a  more  or  less  deep-.spreading  disease  of  both  (»|)tic  tmcts,  with 
rc^snltant  changes  in  tlie  fields  of  visitm.  In  this  manner,  or  by  means  of 
diriH't  pi^cssure  of  a  tnmor,  for  example,  against  the  chiasm,  <4ioked  disk 
may  be  caustHl,  This  occurrence  wt)ul(l  iuflncuce  the  field  of  vision  in  such 
a  manner  that  the  periphery  of  the  nastil  halves  wuulrl  be  concentricaHy 
diniinishe<l  nr  would  exiiil>it  scetor-shapiKl  defects.  Further,  it  should  lie 
borne  in  mind  tluit  with  a  typical  temporal  liernianopsiu  there  may  he  a 
I>eripheral  concentric  diminution  of  the  remaining  nasal  halves  of  the  visual 
fiehls  through  a  complication  of  this  trouble  with  diseases  of  the  papilla  and 
the  retina,  such  as  glaucoma  simplex,  retinitis  albuminurica,  or  functional 
nervous  disorders. 
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If  one  half  of  the  chiasm  is  destroyed  by  pathological  process,  as  in 
divisious  5,  6,  aod  7  of  the  preceding  table,  complete  blinduess  of  the  €y« 
oorresponding  to  the  diseased  half  of  the  chiasm  and  tempai-al  hemiaa»i 
opsia  Iff  the  other  will  l>e  found.  This  unilateml  blindness,  with  tempjnJ 
hemiaoopsia  in  the  other  eye,  may  be  developed  in  thi"ee  ways,  as  follows: 

(a)  From  a  case  commencing  as  typical  temporal  heniiano]isia,  io  which^ 
for  instance,  a  tumor  presses  on  the  centre  of  the  cliiasm  and  destroys  the 
function  of  both  fasciculi  cruciati  {AB  and  A^B\  Fig.  64),  but  in  its  farther 
growth  spreads  towards  one  side  of  the  chiasm,  and  at  last  also  destro)! 
the  fa.^ienlus  non-cruciatus  of  this  side  (about  aft,  Fig.  64).  Such  cases, 
with  section  diagnosis,  have  been  described  by  Uhthoff'  and  Ross.* 

(b)  From  a  case  beginning  as  a  persistent  homonymous  hemianopsia. 
The  affection  of  the  optic  tmct  (for  example,  aA,  AB)  is  tol lowed  bv 
disturbance  of  the  fasciculus  non-cniciatus  dexter  (ab)  and  the  fasciculi 
crueiatns  dexter  (^4^)  throngh  a  failrim  of  function  thus  caused  in  ti 
terai>oral  half  of  the  retina  of  the  right  eye  and  the  nasiil  half  of  the  retina 
of  the  left  eye,  producing  homonymous  left-sided  heniiano}>sia.  The  dis- 
ease-proi'css  spreads  over  the  corresjxjnding  halves  of  the  chiasm,  and  in 
that  way  diminishes  the  function  of  the  fasciculus  cruciatus  A^B'  of  tbe 
left  optic  tract  in  A^A  B^B»  Thus  the  a>nductive  pciwers  of  the  whole 
right  o[>tic  tract,  and  of  the  nasiil  half  of  the  retina  of  the  left  eye,  are  inief-^^ 
rupteih  Here,  on  account  of  the  homonymous  hemianopsia  which  is  pre^^Q^H 
at  the  commencement,  the  line  of  division  between  the  halves  of  the  visual 
fields  is  marketh  In  such  cases,  even  before  blindness  occurs  in  one  eye, 
the  temporal  half  of  the  fields  of  visiun  of  the  si'cund,  as  well  as  that  of 
the  same  side  as  the  diseased  tract,  gradually  weakens  until  one-sided  bliad- 
ness  ensues.  If  the  disease-focus  still  grows  towards  the  other  half  of  the 
chiasm,  the  sharply  defined  vertical  line  of  scjiaration  of  the  field  of  vision 
becomes  irregular,  and  this,  coupled  with  the  lessening  of  the  nasal  half  of 
the  field  of  vision  of  the  other  eye  (and  diminution  of  function  of  a^b% 
causes  blindness  gradually  to  cnBue.  Such  cases,  with  microscopic  exarai- 
nation,  are  described  by  Uhthoff,*  Siemerling/  Nettleship,*  and  Hjort.^ 

(c)  From  the  beginning  of  a  unilateral  blindness,  because  in  this  tji^e 
of  defect  the  disease- focus  has  destroyed  the  right  optic  nerv^e  just  befoift^ 
reaching  the  chiasm  (ab  A'B*).     Later  the  whole  right  half  of  the  chiaawB 
becomes  involved  in  the  procea'^,  so  that  the  conducting  path  (^45)  frf>m 
the  left  eye  is  broken.     Such  cases,  with  sectional  descriptions,  are  cited  by 
Leudet '  and  Rnssander.^ 


*  Apchiv  fur  OphthHlmologie,  xxvi,  1,  264* 

»  British  Medictil  Journal,  1881,  i.  852.  »  Loco  citato,  p.  226. 

*  Arctiiv  fur  Ksydiiatrie,  Bd.  xii.  Heft  8.  ^  The  Lrnicet,  1883,  iL  688. 

*  Klitii^ch©  Mo ntit^b latter  f'lir  Aui?enh(*ilkunde,  1857,  166. 

^  Nothnagel,  Topi«cbe  Diagnoslik  der  Ofbirnkninkhrnten,  S»  519. 
■  Jatiresherieht  ueber  die  Leistungen  und  Furtschritte  der  gesanimten  MedUciQ 
Virchow  und  Hirech,  1868,  ii,  499. 
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Unilateral  hemiaiiops^ia.s  are  also  observed.  These  {."ases  genenilly  later 
develop  typical  heoiiaoopsia  in  both  eyes.  A  homoDymous  hemiaoopsia^ 
however,  may  also  result*  Tlie  fibres  of  the  optic  tract  shortly  l>efore  tliey 
enter  the  chiasm  lie  in  se|iarate  strands,  so  that  in  this  manner  any  cause  of 
pressure  circumscril>ed  to  tlie  fibres  of  tlie  fasciculns  erudatus  or  at  the 
central  surface  of  the  optic  tract  may  attack  this  or  the  optic  nerve  itself 
ooly^  and  thus  prcKluce  a  unilateral  temporal  hemianopsia.  If  such  a  dis- 
ease-focas  gradually  spreads,  and  involves  tiie  whole  povSterior  or  anterior 
fork  of  the  chiasm^  in  the  course  of  time  the  fasciculus  cruciatus  of  the 
other  eye  becomes  involved,  and  thus  detects  apj^ar  in  the  temporal  half 

»of  the  cx>rresponding  field  of  vision. 

f  The  author  haij  described  and  pictured  the  fields  of  vision  of  such  a 
case.'  Schoen  has  also  dest?ribed  one.'  The  case  whose  field  of  vision  ia 
depicted  in  Fig.  65  is  at  the  present  time  still  under  observation*     It  is 


.-# 


^^ 


^^ 


\ 


that  of  a  man  sixty  years  of  a^^e,  with  gonimatous  affection  of  the  bones, 
gummatous  inflammation  of  the  testicles,  and  basilar  gummatous  menin- 
gitis. To  a  condition  of  paralysis  of  the  left  side  with  auEesthesia  was 
added  a  marked  defect  of  the  tem}>i>ral  half  of  the  field  of  vision  of  the 
left  eye.     The  field  of  vision  of  the  rig) it  eye  was  normal.     Right  vision 

ec|ualled  .  ;  left  vision  was  r^-      In  the  left  eye  the  papilla  was  slightly 

redder  than  in  the  right.  In  this  case  there  were  undoubtedly  gummatous 
tumors  which  pressed  upon  the  right  pc^unculus  cerebri,  the  posterior  angle 
of  the  chiasm,  and  the  median  portion  of  the  right  optic  tract.     After  the 


1  Ueber  Hemmnopsie  imd  ihr  Verhaltniss  zur  topUchen  DiagnoBe  der  Gchimknuik- 
*  Loco  citato  f  S.  70. 
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use  of  inuuetioiis  of  merciiry  ahuast  complete  recovery  occurred.     Schulti^ 
has  clestTilxHl  such  a  cmse  in  which  honioiiynious  hemianopsia  developei 

Sometimes  a  typical  teiiUMjral  hemianopsia  recovers,  leaving  a  monocab 
hemianopsia,  as  in  a  ca-^e  of  S+,'hwcig|!^er'i^,^ 

Von  Baumgartcn  and  Treiti^*  have  dt^scriljed  a  case,  with  section  de- 
scriptions, of  unilateral  temporal  hemianopsia  which  was  due  to  gummatoa 
inflammation  of  the  cerebral  arteries.  The  disturbance  of  function  iu  tb 
case  was  cause<l,  ac^cording  to  TjX'itel,  by  an  oblitemtion  of  tlie  vessels 
the  nerve-fibres  of  the  fast'iculus  crueiatus  of  one  optic  tract  at  its  point  ( 
departure  from  the  chiasm, 

A  one-sided  monocular  hcmianop'^ia  may  be  caused  by  pressure  in  the 
angle  of  the  chiasm  acting  on  the  fibres  of  the  fasciculus  nonH?rueiattis 
wliieh  jioss  along  in  this  position  (Fig,  G4,  ah  or  «'&'),     A  glance  at  Fii 
64  shows  that  only  such  a  monocular  nasal  hemianopsia  could  be  cau 
by  such  single-sid*3d  disease- ft>cu8,     A  case  of  nasal  monocular  hemiaaoj^i! 
in  which  the  liue  of  separation  Wtween  the  two  halves  of  the  field  of  visio 
is  sharply  defineil  in  the  veiiiial  meridian  has  been  observed  by  Uhtholf^ 
and  deseriljcd  and  pictur€\l  by  Jevers.^ 

Henscheu*  cites  a  case  of  blindness  of  the  left  eye  with  nasal  hejai- 
anopsia  in  the  other.  Sucli  a  form  of  hemianopsia  cannot  1x^  due  to  a  sin^^lt' 
focus  of  diseas*.^  In  his  case  the  micros<H>pic  section  showed  in  conformitj 
to  this  not  only  that  the  whole  chiasm  was  situated  in  a  giunmatous  inflam- 
mation, but  that  the  actual  ma&^  of  the  ttuiior  whicli  caused  the  heraianop 
of  the  right  eye  was  pushed  farther  back  and  had  desti^oyed  the  rij; 
tract,  whilst  in  the  same  way  the  uncix>ssod  left  bundle  in  the  outer  an 
of  the  chiasm  was  involved,  so  that  only  the  left;  fasciculus 
appeared  relatively  intact. 

Knapp*'  has  describtd  a  ease  of  bilatenil  nasal  hemianopsia  with  a  study 
of  the  microscopic  sections.  In  this  case  disease  of  both  the  lateral  angles 
of  the  chiasm  was  caused  by  degenenition  of  the  arteries  of  the  ci>rpu8  oil- 
losum.  Thc^se  vessels  were  found  to  l>e  eonvertetl  into  two  very  inelas^tic 
cords  placed  in  contact  w  ith  the  outer  sides  of  the  chiasm.  | 

The  cases  of  nasal  hemianopsia  described  by  other  authors  seem  to 
Ix^long  to  symmetrical  diseiise  of  both  optic  nerves,  because  in  none  were 
found  distinct  lines  of  seimration  of  the  two  halves  of  the  fields,  Thu-S 
StriimpelF  records  an  instance  following  a  multi]>le  degenemting  neuritis. 
In  this  case  a  commencing  atrophy  was  fomid  in  the  outer  sections  of  both 
optic  nerves. 


*  Deutftches  Atrhiv  fiir  KUnis^ch*?  Mwiiciii,  xixv.  4e8. 

*  Arrhiv  fur  Ophtlmlmnlotrie,  xxiL  8,  SI 9, 
3  Vm^how's  Ardiiv,  1888,  cxi,  251, 

*  Zur  Sjmptomutologje  der  rf  trobuUjar  Neuritis,     DiMertfttlon,  Berlin,  1887,  S.  11 

*  Kliiiijiclie  mul  iiniitoiuifiche  Btfitnig*^  zur  Patbologie  des  Gebirns. 

*  JalirMbericbt  fiir  Ophtbaliiiol«t^e,  1875,  372* 
■^  Archiv  fur  Psvcbirttrie  urid  Nervi*nkniTikbeitcn,  xiv.  889. 


not  permitting  the  right  optic  nerve  (the  bundle  uA'  in  tlie  left  Aa')  to 
conduct  any  impn^sioiis  of  light  from  the  upjier  retinal  halve^^  of  the  two 
eye8. 

The  only  case  the  author  is  actinaintefl  with,  in  which  microsicopic  sec- 
tions have  been  studied,  is  one  descTibetl  by  Rnssc»lh^  The  case  was 
one  of  basilar  bone  tumor  with  paralysis  of  the  eye- muscles,  producing 


1  The  Medical  Times  and  Gazette,  1878,  ii,  91. 
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a  hemianopsia  wlileli  cut  utit  the  upper  pnrt  of  the  right  field,  Corajilete 
bliiiilyess,  o>mmt'nring  in  the  right  eye,  iullowL^l.  Uu fortunately,  tliere 
was  no  study  of  the  microscopic  conditions. 

Uhthoff  *  pictuix^s  an  interestinjj^  case  of  inRTior  heniianoyigia  (Fig.  66). 
It  was  suspected  that  this  ficld-ih*fect  was  caused  hy  symiuetrieid  cligteajse 
of  the  optic  nerve*s.     The  patient  was  sutfering  from  tabes  dorsal  is. 

During  the  peritxls  of  dcvt^h>i>incnt  mul  re<x»very  from  tern p< mil  hemi* 
ajio|vsia,  large  zones  of  so-<tillcil  dcadejitnl  pcRt^ption  (Fig.  65),  in  which 
a  white  examining  object  is  perceived  as  more  or  less  gray  and  colors 
cannot  be  distinguislneii  are  often  found  in  the  temporal  halves  of  the 
fields.  The  same  relation  between  the  color-limits  and  the  limits  for 
white  as  exists  in  di?5<?ases  of  the  optic  tmct  is  met  with  in  temponil  hemi- 
ano^ieia^  except  tliat,  owing  to  the  peculiar  course  of  the  nerve-fibres,  it 
n^mains  limited,  at  least  in  typit^l  temporal  hemianopsia,  to  the  temporal 
hull*  of  tlie  visual  field.  If  a  disease*- Ibeus  interferes  merely  with  the  fibres 
of  the  crossing  bundle,  there  is  no  reason  why  color- [>erception  through  the 
fiu^cicuhis  non-crueiatus  siioold  be  disturl>ed.  The  color-fields,  therefore, 
ctiineide  sharply  with  the  line  of  s^-pamtion  of  the  nasal  fields  of  vision, 
or  they  nmy  overlap  them,  in  accordance  with  the  relations  of  the  defect 
U*  the  tempoml  lialves.  Yet  if  the  color- limits  retire  fnjra  the  line  of 
s^'paration  into  the  region  of  tfie  nasal  halves  of  the  fields  of  vision,  and 
if  the  field  for  red  gradually  disappears,  these  signs  show  that  the  dis- 
Wifte-|»r*KM^ss  has  affected  the  fasciculus  nun-cruciatus,  even  when  the  outer 
limits  fi>r  white  in  tfjis  half  of  the  field  of  vision  remain  normal  or 
Miuirlv  so.  The  normal  relation  of  tlie  colitr-limits  to  the  line  oi*  sepa- 
mtion  of  the  halves  of  the  field  of  vision  in  temporal  hemianopsia  oflers 
Wt*  cH»rtaiuty  iu  regard  to  prognosis,  as  it  cannot  thus  l>e  deteruiinixl 
wh*'ther  the  disi*ase  will  cease  with  the  destruction  of  the  crtw^sal  bundles 
or  will  \nim  beyond  tlaese  to  the  other  fibres.  The  fields  of  vision  found  in 
ili^^iiM'H  of  the  chiasm  thus  affoi-d  only  a  glance^  as  it  were,  into  the  mo- 
mentary cx^ndition  of  the  o[jtic  path.  Even  atler  blindness  due  U^  disease 
Ml"  tUt<  chiasm  has  appearwl,  intact  or  nearly  normal  powder  of  vision  may 
ivturn*  If  the  ccdor-limits  in  the  temporal  halves  retire  from  the  limits 
ti»v  white,  and  the  detect  for  white  ineivasi*s  in  size,  the  prcn^ess  in  the 
Wiritory  of  the  crossed- fibre  bundle  should  lie  regjirded  as  progressive. 
It'  the  piXHt«8,  by  slow  but  stea<ly  growth,  has  overstepped  tlie  limits  of 
ti  it   halves  of  the  fie Ids^  this  should  be  considered  a  serious  sign, 

i  iVM*  may  even  then  come  to  a  halt,  although  there  may  l)e  but  a 

mjuulII  niiadrunt  of  the  nasal  half  of  the  field  of  vision  remaining,  as  oc- 
cuiTvxl  in  a  case  under  the  author's  oljscrvatirm.  From  this  it  may  he  con- 
iliuUtl  that  caution  sluaild   be  exeivistil  in  making  a  prognosis  iu  disease 

It  la  well  tA>  direct  attention  to  the  fact  tliat  no  case  has  ever  been 
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foiind  in  wbirli  tliorc  wiis  an  absolute  loss  of  every  tract?  of  eolor-seiisatioii 
from  die  tem{Kiral  halved  of  iMjtli  tit^kls  of  visioiit  in  wliicli  the  limits  for 
white  were  eompletcly  intaet,  a.'^  demonstrated  by  ati  examining  object 
five  millimetres  s(j(iare,  and  in  whieli  tliere  were  [>erf*H't  isopters  in  the 
ct>lor-bliml  lialves.  This  point  i,s  important  h>ecaiise  in  homonymoiLS  berui- 
anojxsiia  occasionally  a  HiHallnl  manifestation  of  c<i lor-h em i anopsia  h  as- 
aerted. 

In  typical  eiises  of  temporal  hernianu[)sia  the  binocular  field  of  vistf»n 
lii  diminished  towards  each  outer  side.  If  tlie  disease-process  has  productxl 
atrophy  of  tlic  faseienli  erneiati,  while  the  faseicoli  non-cruciati  remain 
intaet,  nricntation  with  biuoeidar  vision  will  still  be  good.  If  in  both 
nasal  halves  of  the  fields  n  so-ealled  "overshot''  field^  in  wliieh  the  fixa- 
tion-point of  the  two  na**al  halves  of  the  fields  of  vision  is  overreaehed, 
is  present,  and  tlierc  is  a  donble  innervation  of  the  maeida  hitci^  central 
aeuteness  nf  visiiin  snfiers  little  or  not  at  alL  Central  vision  can  also  Ije 
quite  good  w^hen  in  the  one  eye  the  discase-j>rt>cess  has  overstepped  the  line 
of  separation  towiiRls  the  nasal  half  uf  the  field,  while  in  the  other  eye  there 
isprest^it  an  inlaet  field  which  reaches  over  the  fault  in  the  first  fii4d  and 
completely  covers  the  deficient  macular  region  of  the  first.  If  the  disease- 
process,  however,  has  passed  into  the  nasal  halves  of  the  fields  of  both 
eyes  in  the  region  of  tlie  fixation-points,  then  a  central  scotoma  in  the 
binocular  field  of  visionj  w^ith  all  the  conditions  impairing  direct  vision 
which  follow  it,  will  apjiean 

As  ivgards  the  relation  of  central  visual  acuteness  in  tcmpiral  hcmi« 
anopsia,  the  ibllowiug  may  be  asserted  :^ 


TABLE   IV, 


Four,  normut  tieuttMiK'^s  in  both  eyes. 

Six,  numiiil  ticutenes*  in  on**  eye. 

In  twenty  eajies  of  temponil  hemianop- 
sia without  de^criptitm,  st«tiun%  showed  as 
follows : 

Two,  amniirosis  in  one  eye,  ftmblyopia 
in  the  other 

Sixteen,  nmhlyopiii  in  both  eyee. 

One,  nornitil  visual  piiwer  in  both  eyes. 

One,  amblyopia  in  one  eye,  normal 
ucuteness  in  the  other. 


In  a  hkTge  number  of  eases  of  disease 
of  the  chiMm  with  dei^cribeii  sections  the 
condition  of  viflual  acuteness  was  found  as 
follows : 

i        Seventeen  at  latetiit  condition ,  complete 
bilftter&l  araaurosif?. 
Two  hundred  and  forty-two,  aniauroai^ 
in  one  eye,  amblyttpia  in  the  other. 
One,  nmaurtjsis  in  one  eye,  nomml  aeute- 
nesa  in  the  other. 
Fifteen,  bilateral  amblyopia. 
■       Five,   amblyopia   in   one   eye,    noruial 
■iutaii««  in  the  other. 
The  condition  of  the  central  at^ntcness  of  vision  in  temporal    herai- 
anopsia  is  dc[>endent  on  whetlicr  the  crossetl  and  uncrossed   fibres  of  the 
papillo-macular  nerve-fibre  bundles  in  their  course  through  the  chiasm  have 


»  Wilbmnd,  Ueber  Hemijinopsie  und  ihr  Verhaltnius  rut  topisfclien  Diagnose  der 
Gehirn-KrunLbeiten,  1B81,  S.  m. 
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sufferti.1  a  dii'ei't  le^^ion  or  whether  tbey  are  iiulircctly  disturbed  by  prrssnr?. 
As  these  bundles  lie  close  to  one  another  {see  Fig.  59,  m',  m,  w'),  in  the  de- 
struction of  the  crossed  biinrlle  the  uncrossed  jxirtion  whose  fibres  He  dm 
to  it  in  the  papillo-niaenlar  btuidle  i?5  easily  iu juiced  by  pressure,  and  raav 
in  that  way  pive  cause  for  a  lessening  of  i-entml  acutetiess  of  vision,  even 
in  llie  remaining  aetive  na-^al  half*  Still  more  uormal  acutene^  of  vision  in 
one  eye  uvay  be  ex|M»ctc<l  when  the  d i sea.se -fot^ us  has  involved  only  one  half 
of  the  chiasm  and  aeconliugly  tlie  iiisciculus  non-cruciatus  of  the  otlier 
remains  at  a  relatively  great  distance  from  tbe  focus.  It  is  well  to  re*, 
menil)cr  timt  there  is  always  more  or  less  intense  action  at  a  dktanee  from 
the  at*tnal  focus  of  disease,  at  least  in  acute  disease.  Ubthoff*  believei 
tiiat  twenty  j^er  cent,  of  the  ca^es  of  temporal  hemianopsia  are  caused  h 
syphibs. 

Among  the  ehanM'teristic  symjitoms  of  liasihir  c^^rebral  syphilis  i<  a 
remarkabh^  floetuatiou  in  tbe  manifestation  of  the  disease.  Sudden  blind- 
ness, rapid  rt^ulution  into  temporal  hemianopsia,  limitation  of  the  na;*! 
half  of  the  tield  of  vision*  irre<i:ular  defects  in  the  field,  l^lindness  of  oDe 
eye,  and  resolution  and  complete  recovery,  in  disease  of  the  intracranial  optio 
tract,  as  well  as  in  disease  of  the  chiasm,  ai'e  not  unusual  symptoms. 

Insight  into  this  remarkalde  tluetnation  of  the  visual  disturlmna?  mav 
\)e  gained  if  Oppenhcim's  finding*  that  syphilitic  tumors  are  rich  in 
vessels  whose  walls  are  markedly  changed,  and  the  degree  to  which  dif' 
structums  an*  disturbed  tli rough  destruction  of  tbe  intima  or  diminution 
of  the  lumen  or  actual  i'losuix^  by  the  process  of  thromlx>sis,  are  consid- 
ered. Further,  it  must  be  remembered  that  the  tissue  which  has  thru=i 
it&elf  between  the  cliiasm  and  the  base  of  the  brain  and  which  shows 
processes  l>ctwe(^n  the  fibres  of  the  visual  nerve  is  extremely  capablf  of 
distention. 

As  oomplete  recovery  is  often  ubser\*etl  after  the  use  of  antisyphilitit^ 
tbe  prognosis  of  temporal  iicmianupsia  may  lie  considered  to  Ije  ginxl. 
HiAl  ^  has  recorded  a  series  of  such  cai>es.  For  the  same  reason  there  can 
be  no  doubt  that  in  blindness  due  to  basilar  raeuiogitis  of  ^ramatous 
type  the  visual  ptiwer  may  be  almost  crirapletely  regained  after  energeti*" 
treatment. 

Often  temporal  hemianopsia  is  caused  by  a  tumor  which  has  its  seat  in 
the  region  of  the  chiasm.  In  a  colltx'tion  of  the  literature  on  the  subject 
up  to  the  year  1880  *  the  writer  has  fonud  tumors  of  the  sella  turcica  fifccn 
times,  of  the  hypophysis  wrebri  eleven  times,  of  the  cliiasm  five  timfe, 
growing  in  the  floor  of  the  third  ventricle  five  times,  at  the  side  and  iht* 
bast*  of  the  skull  three  times,  and  at  the  crista  galli  four  times.  Tubervb 
were  demonstmtBl  in  the  cliiasm  three  times. 


t 


^  Loco  citRto, 

'  Virchow's  Archivj  civ.  316. 

'  ChiHsmaerkrankuDgen.    Inaugural  Di^ertatian,  Leipzig,  1894,  B.  li. 

«  Wilbmnd,  l<»oo  citato,  S.  87. 


PERIMETRY    AND    ITS   CLINICAL   VALUE. 


277 


Tumors  may  alsn  pi-t^s  up<jn  the  rhiasm  witliont  imxliiciiig  actual  dis- 
tnrbance  of  vision,  as  in  a  t^se  of  A.  I>evM.^  Sell,  in  tlie  di8sc*rtati<in  men- 
tiooed  above,  has  collected  tlie  cases  from  the  year  1880  to  tlie  present 
date.  The  etioh jgy  of  thcj^e  apiK^^rs  to  have  lieen  a?  fi allows :  i^^veu  <^ses 
>y  trauma,  tweuty-five  by  tumors,  six  by  tubtTculous  exudations  or  granii- 
atioDS,  four  by  aneurisms,  two  by  pressure  from  the  third  ventricle,  two 
by  periostitis,  four  by  partial  meningitis,  sixteen  by  basilar  gummatous 
ineningitis  and  syphilitic  disc*a.se  of  the  chiasm,  one  by  gummatous  aitc- 
ritis,  one  by  hemorrhages  into  the  chiasm,  one  by  multiple  sclemsis,  and 
one  by  hyjierplasia  in  elephantiasis. 

A  change  in  tlie  relation  of  the  defeats  of  the  field  of  vision  always 
indicates  activity  in  the  pnx-ess,  and  therefiire  must  l>e  considered  in  the 
prognosis.  Passing  weakness  of  vision  and  blindness  may  owur  in  eases 
of  tumors  of  the  ba-^e,  and  are  due  to  pressure  of  the  fioor  of  the  third 
ventricle  eausiii  by  intercurrent  ov  eousef|uent  hydrocrpluilus.  Tumoi*9 
that  are  capable  of  swelling  may  cause  this.  Sometimes  wdieu  patients  bend 
forward  bh:Mjd-eirculation  is  sto[>|M»(b  ot^tisioning  incrcasc^l  bloixl -pressure. 

The  chiasm  is  coveretl  on  its  upper  surface  by  the  i^^x'es.ses  of  the  thin! 
ventricle.  Such  a  condition  is  carefully  doscribt^l  by  Michct.^  In  normal 
Donditiuns  it  rcach<.^  to  tlie  anterior  angle  of  the  chiasm  in  the  mesial  line, 
ind  in  intenial  hydroeephalus  it  may  readily  influence  the  central  portion 
of  the  chiasm.  Siemerling '*  dt'serilx?s  a  ease  in  which  the  chiasm  wa3 
tliinned  and  almost  divideti  into  two  halves  by  the  pressuit*  of  tlie  floor 
of  a  greatly  distended  third  ventricle. 

Temporal  hemianopsia  may  occiy  as  a  single  focal  symptom.  This  is 
Sometimes  the  case  when  tlie  defect  is  caused  by  exostosis  of  the  base  of 
the  skull  or  in  a  partial  meningitis.  In  these  cases,  when  no  form  of 
therafK'Utics  has  eflcct»  tlie  field-iUiects  stop  at  a  certain  stage  of  develop- 
ment. Even  alter  secondary  blindness  the  cerebral  symptoms  may  cense, 
and  the  {>atient  live  (nr  a  long  time,  as  iu  the  cases  deseribcil  liy  Osier/  It 
is  doulitful  whether  hemiauopic  dLsturhances  t>ccur  iu  simple  progressive 
atrophy  of  the  visual  nerves,  although  theoretically  their  appearance  may 
be  accepted.  In  any  case,  a  tcm]x>ral  liemiano|)sia  due  to  gummatous 
ineningitis  may  appear  concurrently  witli  tabes  dorsalis,  as  iu  an  instance 
cited  W  Uhthotf.^ 

In  a  case  deseribetl  by  Gow^ers*  there  were  similar  accidental  compli- 
cations, probably  symmetrical  disease  of  the  visual  nerves,  in  which  the 
disturbance  rjf  vision  ajrpeai'crl  quite  suddenly  as  a  nasal  hemianopsia  in  a 
tase  I  if  tal^es  dorsalrs.     The  author  has  seen  such  a  case  iu  a  patient  suffer- 


«  Jahrbuch  fur  Ophthalmologie,  1890,  S.  479, 

*  Apchiv  filr  Uphthulmnlapie,  BcL  xix.  ii.  8.  81. 
'  Arcbiv  fur  Psychmtrio  mid   Kervfiikrunkheiten,  Bd.  xx.  Heft  1* 

*  Journal  of  N^rvouii  and  Mental  Diseafie,  1887,  xiv.  657. 

*  Loco  citatn,  S.  226. 

*  Manual  of  Diseases  of  tbe  Nervous  SyBtem,  vol.  ii. 
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ing  fVtim  i\w  sunn?  tlisease.  (Coiiipan'  Fitj.  50.)  The  right  eye  showed  a 
normal  held  of  visioD  with  iiornial  aeuteiiess  of  visiou.  Over  tlie  surviving 
teaiporal  Italf  of  tlie  fiekl  of  tlie  left  eye  only  large  colored  objects  could  be 
recognized. 


THE    FIELD   OF   VISION    IN    DISEASES   OP  THE    OPTIC  CONDUCTING   PATHS 
FROM     THE     COMMENCEMKNT     OF    THE     TRACTS    TO     THE     CORTICAL 

CENTRES   OF    VISION. 

Homonymous  hemiano()sia  (also  calU\I  lateral)  is  a  pathognomonic  dia- 
turUjujce  of  the  visual  rteld  for  all  anatomic  li^iiais  of  the  visual  apparatus, 
hegimiiiig  at  the  optic  tract  ami  extending  t(»  and  inehiding  the  centres  of 
vision  in  the  region  of  the  mlearine  hssijiT. 

It  is  never  seen  in  purely  funetional  nervou^^  conditions  in  the  sense 
of  hysteria  and  neurastlienia,  l)ut  may  1k»  added  to  a  i-ase  of  hysteria.  In 
such  a  <?ase  the  fields  of  vision  will  show  the  hemianopie  defects,  together 
with  concentric  diminution  of  the  remaining  portions  of  the  field. 

Homonymous  hemianopsia  is,  aoecntlingly,  the  result  of  organic  disease 
whicli  either  ditt^ctly  or  indirec*tly  dt^troys  the  conducting  nei've-tihres  of 
the  optic  tract  in  some  point  of  the  portion  above  deserilx^l.  In  the  first 
tyj>e  the  hemianopsia  is  permanent.  In  the  setHiod  it  disiip|M'Uis  as  s^xm  as 
the  pressure  decreases  sufficiently  to  i>erniit  of  pi-oj^H?r  conduction.  Thus 
a  fugitive  hemiauojisia  apixaring  as  an  indirec^t  focal  symptom  is  often 
met  with  in  permanent  aphasia  and  hemiplegia.  Freipiently  tlie  pri- 
mary loss  of  the  lionionynious  halves  res^jlves  itself  in  the  course  of  a 
few  weeks  into  an  innjmplete  honiouymous  hemianopie  defect.  Here  the 
actual  Hm-us  of  disease  has  destroyed  only  a  portion  of  the  optic  conduct- 
ing path,  whilst  the  remaining  fibrt^s  are  reuilered  teuiporarily  inactive  l)y 
pressure. 

In  typii^l  right-sided  homonymous  hemianopsia  total  loss  of  the  right 
lialvi»s  of  the  fields  of  vision  is  found,  tfie  line  of  separation  coinciding 
with  that  of  the  division  into  the  nasal  and  temporal  halves  of  the  fields 
of  vision.  An  analt^ous  condition  of  the  left  halves  of  tlie  fields  of  vision 
of  eacli  eye  is  seen  in  typical  left-sided  homonymous  hemianopsia. 

As  regards  the  position  of  the  line  of  sef>a ration  in  the  vertical  me- 
ridiauj  a  series  of  individual  difltrencei^  is  met  with.  In  one  series  of  cases 
this  vertical  line  of  separation  lies  niathematimlly  in  the  vertical  meridian 
of  the  fields  of  l>oth  eyei^  and  cutj?  ttirough  the  fixation^  as  in  the  observa- 
tions on  right-sided  liomonynious  licmianopsia  by  Pooley*  and  on  left-sided 
homonymous  hemianopsia  by  Baumgnrten.*  In  another  type  the  line  of 
separation  is  carried  past  the  fixation-point,  to  the  advantage  of  the  remain- 
ing halves  of  the  fields  of  vision.  As  those  portions  of  tlie  field  wdiif*h  lie 
beyond  the  vertical  meridian  reach  into  the  territory  w  hich  is  covered  hy 


*  Archiv  fiir  Aiig<?iiheilkunde  und  Ohrenhenkundei  1S77,  ii.  27. 
'  Centralblatt  fur  die  Medichiische  Wissenschttft-en,  187S,  ixU. 


before  her  death,  during  a  condition  of  compamtively  good  health,  the  field 
of  vision  was  exarainod  aod  reoortled.  The  patient  bled  to  death  after  an 
operation  for  trejMnning.  The  left  ixripiiul  Inbe  appeared  to  be  changed 
into  a  crumbling  mass,  and  was  greatly  couti-UL'tcxl,  There  was  a  descend- 
ing  atrophy  of  tlie  left  optic  tract  extending  deep  into  the  chiasm^  proving 
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that  the  overshot  portion!?  of  the  visual  field  had  an  organic  relation  with 
the  organization  of  the  right  optic  pen*eptiou  centre  aiid  its  conductiDg 
path.  Analogous  observations  i-onKmiiug  this  have  been  made  by  von 
Monakow. 

Assuming  in  one  of  these  cases  of  homoDymous  hemianopsia  that  the 
path  of  vision  leading  to  the  optic  centre  of  the  other  hemisphere  is  pro- 
vided with  siK'h  aix^is,  they  would  appear  in  the  following  form  (Fig.  SB) 
on  both  sidei^  of  tlie  vertical  line  of  ^>eparation  in  the  binocular  visual  field. 


td 


'Dltugt&m  flluitraliug  tJ..     ...   ._    1  uverfeliot  jlWld&  in  herQiai]Qpel&. 

Oiduikio  would  bo  the  terai>oral  half  of  the  field  of  the  right  eye,  and 
QmnMo  the  nasiil  half  of  tlie  tield  of  the  left  eye.  In  total  left-sidtnl 
homonymous  hemianopsia,  otduudo  would  represent  the  bounds  of  the  re- 
maining field  of  virion  in  the  binot^olar  field  of  vision*  In  the  monocular 
field  of  the  rigiit  eye  offlniklo  would  represent  ttie  temponil  lialf,  and  in  the 
left  eye  onsuildo  the  nasal  lialf  wliteh  remains  active,  because  oidundo  repre- 
sents the  visual  field  of  tlie  right  eye  and  otminm  the  visual  field  of  the  left 
eye.  OMuFo  reprist^nts  the  overshot  visual  field  of  the  left  hemispherCi 
and  omuFo  the  overshot  field  of  the  right  hemisphere.  From  this  it 
must  be  conehidf^l  tluit  for  each  eye  the  region  lying  between  oiklumo 
is  directly  related  to  the  cfirtitid  optic  centre  of  b>tlj  hemispheres.  We  de- 
scril>e  this  prtjcess  as  douUe  provmon  for  (he  7nacida  Infen^  liecause  usually 
these  overshot  portions  of  the  field  of  vision  are  confined  to  regions  of  the 
macula  lying  around  the  fixation-point. 

Id  those  cases  in  which  the  line  of  se]>arati<in  of  the  homonymous  halves 
of  tlie  visual  field  lies  in  the  vertical  meridian,  as  in  Fig.  69,  the  former 
half  of  the  macular  portion  (chiefly  the  portion  of  the  field  of  vision  passing 
along  the  vertical  meridian)  comes  in  relation  only  with  the  cortical  eentre 
which  corresponds  to  this  half. 

The  overshot  jwrtion  of  the  visual  field  prcsentii  itself  in  many  different 
ways.  Usually  the  line  of  sei>aration  encloses  only  the  fixation-point*  and 
in  some  cases  it  includes  only  portions  of  tliis  point  It  may  be  situated 
to  the  under  half  of  the  line  of  separation,  which  is  here  surrounded  by  the 
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overshot  field  of  vision^  as  is  the  ease  witli  the  upper  }mrt  of  the  region, 
or  there  may  be  a  strip  of  overshot  field  of  the  same  width  along  the  entire 
vertieal  meridian. 

Fio.  69. 


ltd 
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DlagitLm  illUBtrating  oTedapping  of  viisu&l  fieldB. 

The  overshot  ix^rtion  is  further  chamcterized  by  the  faet  that  the  color- 
fiekl  boundaries  eoitieide  acciinitely  with  the  line  fif  deniareatiou  which  it 
forms.  This  is  of  the  greiitest  iinp>rtiiiiee,  because  otherwise  it  might  l)e 
easily  and  falsely  concludtN^l  that  the  p(>rtitm  whieh  extends  over  the  median 
line  was  the  remnimt  of  an  iu(*(»tiipletely  dci^troywl  eoiidiicting  tract  in  a 
case,  for  example,  of  a  hemiisphere.  by  whieh  a  hiinionymous  hemianopsia  is 
cammed.  Finally,  in  these  cases  there  is  no  i^olor-field  reaching  to  the  ver- 
tit-iil  meridian,  or  jjerhaps  only  the  bine  field  may  be  found  to  extend  so  far 
in  tlie  remnants  of  the  iH^tained  poitimis  of  tlie  fiehh 

The  **  overshot'*  |Kn"tion  of  tlie  Held  is  dne  to  differing  anatomical  eon- 
ditwns  of  the  conductitm  patlis  and  cortical  centj>?s.  In  consequence  of 
this^  the  line  of  separation  between  the  halves  of  the  fields  in  homonymous 
hemianopsia  usually  presents  one  of  the  following  forms  i  (1)  it  ptisses  f>ver 
the  separating  line  in  the  vertical  meridian ;  (2)  it  consists  in  an  overshot 
field  of  vision  ;  and  it  passes  over  the  separating  line  in  a  sloping  direction, 
as,  lor  example,  in  a  case  of  Siemerling's,^  in  wliieh  the  absolut*j  deftvt 
passed  across  the  median  line  in  a  vvedge^sliajx:^!  manner  in  the  np{>er  portion 
of  tlie  field,  wliilst  in  the  lower  portion  there  was  a  similarly-shaped  jiortion 
wliieh  did  nc>t  reach  this  line. 

In  ortler  to  locate  the  exact  {xvsition  of  the  line  of  separation,  and  its 
relation  to  colors,  an  examining  surface  two  millimeti'cs  square  should  l>e 
used.  The  patient  must  maintain  accurately  the  central  iixation  of  sight. 
For  this  puq^ose  it  is  best  to  have  a  small  black  point  in  the  centre  of 
the  white  surface  used  for  the  fixation-object,  and  to  require  the  jmtient 
to  fix  u[>on  this  point.  A  slight  change  in  the  fixation  moves  tlie  line  of 
separation  from  the  fixation-point  and  pr< educes  apparent  irregularities  in 
its  course. 


1  Archiv  f«r  Psyehktrie  und  Nenrenkmnkheiien,  Bd,  xxu  Heft  L 
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Typical  honionynioiiR  iK^mtunnpsia  is  always  absolute;  that  is,  in 
duil'ctive  lialves  of  the  field  every  in>pression  is  as  completely  lost  to  vi< 
as  are  those  falling  on  the  bltud  8jK)t.     If  only  a  portion  of  the  optic  ti^ 
lie  renderetl   iiiaetive,  the  heriHanupi*-  distiirbaiiee:^  will  appear  as  partiill 
defects.     loeoniplete   !»uiouMynu>us  heniiaiiop?^ia   should   be   difierentiatall 
ironi   the  fbllowing   chaiiieteri.^tie  forms  of  defects  in  the  homonymous 
hiiK^es ;  {a)  Quadrant-henijaiiupsia,  in  whieli  either  the  upper  or  the  lowttJ 
quadrant  uf  the  aflected  homonymous  halves  is  deticieut.     (6)  Betentioii] 
of  an  octant  in  the  defective  halves  of  the  visual  fields.     This  asuallf  1 
lies  upwarf  or  downward  in  the  vertk!al  meridian,    (c)  The  loss  of  wM 
responding   secturs   in   the   homunynious    halvt-s.     (d)  Island-like  defecttl 
in  the  eorresijundinw:  points  of  the  lionionymous  halves.      These  islaod-j 
shapetl  defects  may  extend  to  the  fixation- point,  or  to  the  intermediate  or] 
peripheral  zones.     They  always  lie  at  eurresponding  points  in  the  homooT-l 
mous  halves  of  the  fields.     The   island-shaped  homonymous  hemiaDopiflJ 
defects  may  be  easily  overlooked,  especnally  if  they  are  small  and  Mm 
situateil  at  some  disUmee  from   the  fixation-point*     If  such  scotoniata  ia-l 
elude  the  macular  jMirtion  of  the  homonymous  halves  of  the  fields,  they] 
will  appear  smaller  if  there  is  an   **  overshot"   portion    in   the  macdtf] 
region.      This  eircimistanw  uuist  l>e   taken    into  account  when   the  m 
of  the  dcf4X*t  in  the  field  is  conii>ared  with  that  of  the  focus  in  the  opti 
tract,     [e)  Retention  of  a  peripheral  zonal  ring  in  the  fields,  usually  io  tlil| 
lower  or  the  upi)er  quadmnt  and  i*eaching  to  the  horizontal  meridian  of 
the  defee^tive  halves  of  the  field.      If  this  zone  is  narrow  and  extendi  i 
only  beyond  the  limits  of  the  blue  color-field,  it  can  be  demonstrated  iOil] 
by  white  examining  objects,     (/)  The  retention  of  corresjX)nding  isiaaJ 
of  active  |)erception  iu  the  defective  homonymous  halves  of  the  fields,    (g)] 
The  loss  of  a  peripheral  zone  at  it>rrespoudiug  |*oints  of  the  homonymoa 
halved  of  the  fields. 

The  author  has  given  a  description  of  these  types  of  fields  in  his  work^ 
entitled  **  Die  hemianopischen  Get^iclitsfeld-Ftirmen  uud  das  uptische  Wahr-^J 
nehmungszentrum/-  published  iu  Wiesbaden  in  1890.  ^M 

If  the  disease^ focus  which  causes  these  ineom]>lete  homonymous  heroi-^ 
anopsias  is  narrowly  circumscrilxHi  and  causes  no  dii\K?t  pressure  on  the  sur- 
rounding tissues,  the  color-limits  in  the  affected  regions  of  the  homooymoa 
halves  corrft?pond  with  the  defects. 

Besides  these  comj>lete  and   inet>niplete  hemianopie  defects,  there  id  i 
series  of  defects  which  are  relative  in  tyjje.     These  generally  appear  in  ooi ' 
of  the  following  forms  i     [a)  Either  a  wide  or  a  narrow  zone  of  dimin- 
ished j>erception,  iu  which  coloi^,  possibly  with  the  exception  of  blue,  are  i 
not  penx'ivfxl.     If  blue  is  recognized  it  is  only  partially,  lying  b>ftweettl 
the  absolutely  defective  iwilion  of  the  field   and  that  in  which  there 
normal  function,     (b)  The   liemianopic   delet*t  csiuse?*  diminution  only  ifl] 
power  of  perception,  and  consequently  there  is  no  absiJute  defect,    (e)  Th*»re  i 
is  loss  of  oolor-|)erceptiou  only  in  the  homonymous  halves  of  the  field. 
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The  central  and  ji«riphe»iil  visual  aruteness  and  the  exteut  of  the  field  of 
vision  renmin  noraial,  or  very  ueiirly  so^  in  these  eai?t^s  oi*  so~ealled  **  oulor 
lieraianopsia/' 

If  in  the  course  of  a  ca%'  of  ineompletc  hemianopsia  tlie  defect  in- 
creases, the  disease-proeess  in  the  hemisphere  corresponding  to  the  dis- 
eased halves  of  tiie  fields  is  progivssive.  If  this  increase  is  sudden,  the 
angmentation  in  the  hemianopsia  is  caused  bj  fresh  emboiic  or  apoplectic 
fuel. 

If  the  defet^t  decreases*  the  disease -process  is  lessening,  because  those 
fibres  wliieh  were  injured  in  their  activity  bv  pressure  are  regaining  their 
functional  power.  If  the  disease- focus  is  situated  in  the  neigh borhrKxl 
of  the  optic  oonductiug  tract,  and  causes  no  anatomical  destruction,  com- 
plete resolution  and  recovery  of  the  homonymous  hemianopsia  may  occur, 
even  if  tlie  physiological  disturbances  have  been  absohite.  During  tliis 
procesj?  of  re<'overy  ])erception  of  light,  tliat  of  dark,  and  that  of  color  are 
successively  regained. 

Many  cases  of  i-elative  hemianopsia  perceive  waves  and  bubbles,  as  if 
dark  gauze  shades  were  shoved  one  over  the  other  beyond  the  defective 
halves,     They  may  see  a  fog,  or  a  veil. 

If  in  cases  of  previous  homonymous  hemianopsia  the  patient  eomplaiii 
of  flickering  on  the  affected  side,  and  no  defect  can  be  demonstrated  with 
an  ordinary  examining  object,  smaller  and  smaller  objects  must  be  used  in 
the  iierinieter.  In  this  manner  St*hweigger  Nlernoostrateil  a  liemianopsia 
by  examining  the  area  by  the  aid  of  the  head  of  a  needle. 

Some  cases  of  absolute  homonymous  hemianopsia  perceive  strong  im- 
preseioDS  of  light  in  the  region  of  the  detective  homonymous  halves.  In 
such  instances,  tliough  the  path  of  conduction  Ijetween  tlie  chiasm  and  the 
cortex  is  broken,  yet  there  is  a  mechanical  or  inflammatory  irritatiiin  of  the 
centripetal  optic  conducting  nerve-fibres,  w^hich  conduct  the  light-impres- 
sions to  the  coitittil  <f?ntre,  where  they  are  rciH>gnized  as  such.  These  occur 
mostly  a  few  days  after  the  onset  of  the  defect,  and  usually  disappear.  The 
author  has  observed  this  |)henomenon  in  a  patient  sufFcring  from  hemiplegia^ 
hemianicsthesia,  and  hemianopsia.  Wcstphal  "*  has  demonstrnttd  the  same 
i^ymptom  in  a  case  of  hcmiauopsia  after  distention  of  the  medullary  sub- 
ftnce  of  the  occipital  lobe  witii  an  affection  of  the  same.  Gowcrs^  has 
seen  such  Impressions  of  light  in  a  case  of  tumor  of  the  mcmbraues  of  the 
occipital  lobes.  Cases  are  of^cn  ol>servcd  in  w^Iiich  visual  hallucinations 
ixx'ur  in  the  direi^tion  of  the  defective  homonymous  halves  of  the  fields. 
The  author  has  described  such  a  case,*  Here  there  was  a  focus  about  the 
size  of  a  l>can  near  the  ojrtex  of  the  occipital  lobe,  lying  to  one  side  of 
the  sagittal  medullary  fasciculus. 

'  A  re  hi  V  far  Opbthalmologie,  xiii.  3,  288. 

'  Charity  All  fill le II,  Bd.  vi. 

"  Tht'  Luricet,  1879. 

•  Die  Uenuai^opiacheii  Ge»icht8fel(fo-Farmen,  Wiesbaden,  18&0,  S.  68, 
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Aualo^us  cases  are  deseribed  by  Ilcust^-hen/  Putzel,-  Wollenberg,^  and 
Petersoiv,*  Thia  last  ease  is  remarkable.  In  a  woman  with  bealthy  eyes 
hallucinations  of  vii?ion  apfieai-ed  in  fjikth  right  halves.  These  never  ex- 
tended beyond  tlie  middle  line.  If  the  patient  turned  towards  the  right  the 
illuj^ions  turnHl  the  same  way. 

The  accompanying  scheme  and  ehroraolithograph  show  the  most  impor- 
tant combinations  of  tlie  visual  paths  d*^crilH:Hl  l>y  Hensehen. 

PRONTAL  Divrsiox  (from  the  bulb  to  the  central  ganglia). 

Middle  division  (the  central  ganglia). 

Visual  fibres  (blue),  passing  and  terminating  as  ccntriix^tal  (clear  and 
dark  blue),  uner^jssetl,  crossed,  and  macular  fibres  in  tJie  outer  corpus  geni- 
culatum.  Centrifugal  fibres  (i^l)^  pa^^siitg  from  the  outer  corpus  genicU' 
latum,  and  ending  in  the  retina  (orange  and  dear  red),  crossed,  UDcrossedy 
and  macular  bundles.  (?)  Reflex  fibres  passing  from  tJie  retina  (dark  and 
clear  violet)  and  terminating  (1)  in  the  pulviuar  (superficial  deep  fibres), 
(2)  in  the  colliculus  anterior,  for  the  pupillary  nerves  (yellow),  for  the  eye- 
nerves  (yellow),  for  the  other  motor  nerves  of  the  medulla  oblongata  and 
the  medulla  spinalis  (dark  violet),  by  means  of  the  posterior  longitudinal 
bundle. 

OcoPTTAL  DIVISION  (verti(^l  mednllo-occipital  visual  radiation). 

Visual  (centripetal)  fibres  (clear  blue)^  pa.»*sing  from  the  cells  of  the 
outer  cK>rpus  geniculatum  and  ending  in  the  ec^rtex  of  the  calcarine  fissure. 
The  non-visual  centripetal  fil>rt^s  (dark  blue),  passing  from  the  corpus 
geniculatum  and  ending  in  the  cortex.  Centrifugal  fibres  (retl),  jwissing 
from  the  cells  of  the  wrtex  and  ending  in  the  pulviuar  (reflex  fibres),  in 
the  colliculus  anterior  (reflex  fibres).  I>cs<x'uding  fibres  (brown),  passing 
from  the  cortex  through  the  hindmost  division  of  the  internal  capsule 
into  the  jwns.  Association  fibres  (brown),  iuterhemispherit^  (1)  tmm 
left  hemisphere  to  right,  (2)  in  the  c<jntrary  direction,  intrawrtical  (green)^ 
intergyral  (green),  Ijetweeu  the  cuneus  and  the  lingual  lobe  (green),  between 
the  meciiau  and  the  lateral  cortex  (green),  inter lol jar,  lM:^tween  the  occipital 
and  the  other  lobes  (gyrus  angularis  temporalisj  etc.), — ^fasciculus  longitudi- 
nalis  inferior  (green), 

1  ^  eapsula  interna. 

2  ^  corpus  lenticulare. 

3  =  colliculus  anterior. 

4  ^  ganglion  geniculatum  internum. 

5  ^  pulvinar. 

6  =  ganglion  geniculatum  externum. 
In  this  scheme  the  fullowiug  fibrt^  are  not  included  :  Bechterew^s  fibres 

from  the  chiasm  to  the  tbial  ventricle  ;  Rvgrow's  fibres  from  the  tract  to  the 

*  Klinische  und  RnatotniBch*?  Beitracje  siiir  Pjitlioln|^ie  des  GehimA. 
»  Medical  Record,  1888,  June  2. 
'  Archiv  fiir  Pj^ychiJitrie  und   Ncrverikranklieiten,  zxi.  778. 

*  New  York  Mediinil  Joiiniiil,  Augutt  30^  189L 
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thalamus ;  v.  Monakow'is  fibres  from  the  tract  to  the  leDtieular  ganglion ; 
V.  Gudden's  fibres  from  the  tract  direct  to  the  cortex  ;  E<lingers  fibres  (in 
amphibia) ;  Perlia*s  fibres  to  the  medulla  obbtngata  ;  v.  Monakow's  fibres 
from  the  ct^IUcuIus  anterior  to  the  eyeball ;  Bernlieimer^^  fibres  from  the 
tract  to  Luys*s  body ;  v.  Gudden^g  fibres  to  the  traetus  |>etlLmciilarii5  trans- 
versus ;  Darksehewitz's  fibres  from  the  tract  to  the  ganglion  habenulGe. 

Tlie  bright-blue  so-called  visual  fibres  convey  the  retinal  irritation  to 
the  optic  perceptive  centre  and  represent  the  fibres  used  for  the  special  action 
of  sight.  By  their  destruction  homonymous  hemianopsia  is  produced. 
Hallucinations  of  the  destroyed  homonymous  halves  of  the  visual  fields  are 
caused  by  irritation  from  a  focus  of  disease  which  acts  on  the  dark-blue 
centripetal  fibres.  They  also  pass  lr<jm  the  corpus  geuiculatum  and  inter- 
cept the  clear- blue  visual  fibres  at  some  point,  possibly  near  the  cortex, 
the  cortex  of  the  oci^iipital  lobe,  with  the  exception  of  the  region  near  the 
c^ak-arine  fissure,  being  considered  answerable  for  the  existence  of  optic 
memory-  pictu  res . 

Notwithstanding  the  facts  that  the  relativ^e  areas  of  the  temporal  and 
nasal  halves  of  the  field  of  vision  are  al>out  in  the  prc^|>ortion  of  two-thirds 
to  one-third^  and  that  hemianopsia  is  characterized  by  identical  defects,  yet 
defects  in  the  visual  field  in  cases  of  homonymous  hemianopsia  which 
differ  l>etween  absolute  ami  complete  incangrnity  are  continually  met  with* 
This  is  of  great  importance,  particularly  in  i-egard  to  individual  iriY^guIarity 
in  the  optic  perceptive  centre.  As  the  temporal  haff  of  the  field  of  vision 
in  the  binocular  field  of  vision  is  alx>ut  one-thii-d  greater  in  extent  than  the 
nasal  half  (see  Fig,  14),  s<:»  must  the  areas  of  retinal  surface  in  relation  to 
this  overreaching  temporal  field  of  vision  l>e  connected  again  with  their  cor- 
tical field  by  a  cIose<l  conducting  bundle.  This  closed  conducting  bundle 
can  Ijc  formed  only  of  fibres  which  cross  one  another,  bet^ause  it  belongs  only 
to  the  temporal  side  of  the  field  of  each  eye.  If  this  bundle  or  the  cortical 
surface  of  tlie  visual  centre  which  is  related  to  it  In?  alone  injured,  the  loss 
of  function  of  the  field  in  the  eye  of  the  other  side  of  the  peripheral  third, 
cx>iTe8ponding  to  the  temporal  half,  is  [>erceived.  Here  there  would  be  a 
case  of  absolute  inwngruity  of  a  field  of  vision  belonging  to  a  liemianopic 
disease-process,  which  still  only  through  the  rarest  chance  might  l>e  found 
in  such  purity.  If,  however,  the  disease- focus  extends  beyond  tliis  closed 
bundle  of  visual  spreading  fibres  or  over  the  cortictil  ai-ea  corresponding  to 
it,  then  there  must  be  elements  of  function  which  belong  to  the  fasciculus 
nou-crui^iatus  of  the  homonymous  retinal  half  of  tlie  eye  belonging  to 
the  foci  of  the  same  side,  A*x*ordiug  to  this,  the  nasal  homonymous  half 
of  tiie  field  of  vision  of  the  other  eye  w-(Mild  show  a  defect  at  a  ci^rre- 
sponding  j>oint  that  would  have  a  smaller  extent  than  the  corresponding 
temporal  half  of  the  other  eye,  as  in  the  case  observed  by  Forster,  shown 
in  Fig.  7L^ 

'  WUbrand,  Die  hemianopistiliun  Geeichtsfeid-FonueD,  S.  147. 
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Incomplete  homonymous  defects  of  the  field  of  vision — for  instance, 
island-shaped  scotomata  lying  in  the  hemianopie  r^ion  of  the  binocular  field 
of  vision — may  be  so  placed  that  the  nasal  and  temporal  halves  are  situ- 
ated towards  both  sides  of  the  vertical  meridian  (Fig.  14,  ORDvM'S  0), 


FiQ.  7L 


Left  field. 

and  may  show  absolute  congruity,  as  in  a  case  observed  by  the  author.^ 
The  quadrant  hemianopsia  may  show  a  relative  congruity  in  the  propor- 
tion of  two-thirds  to  one-third  of  the  superficial  extent,  as  in  a  case  seen 
by  Scholer.' 

Only  the  acceptance  of  an  individual  difference  in  the  organization  of 

'  Loco  citato,  Fig.  1. 

'  Beitrage  zur  Pathologie  der  Sehnerven  und  der  Netzhaut,  1884,  8.  74. 
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the  optic  ficntrc  in  roganl  to  tlu^  ^lUmtUm  of  the  cortieal  sensory  units  of 
the  fiaseicnliis  non-crticiatns  and  the  fascieuhis  criiciatus,  which  relntion  has 
en  descrilj<xl  as  :i  ''  niixttirc  of  the  small  fibi-e-hundle  fields,"  *  can  offer 
any  solution  of  these  relatitiushipg. 

In  the  symmetrieid  chess- lxj4ird-like  rulxture  of  the  small  fibre*biindle 
fields,  inside  the  region  in  which  in  the  binocular  field  of  vision  the  homun- 
ynjous  nasiil  and  teni(M>ral  halves  of  the  visual  fields  cover  each  other, 
there  is,  tor  each  small  or  large  disease-focus  in  tlic  optie  path  to  the 
heojisphere,  an  absolute  congruous  island-like  hemianopic  defect.  If  the 
I  disease- fiK'us  sjireads  to  this  region,  wliirh  stiuids  only  in  relation  to  the 
peripheral  zone  of  t!ie  terajKiral  half  of  the  field  of  vision,  relatively  con- 
gruous hemianopic  defects  which  have  the  surtacc  relation  of  two-thirds  to 
one-thinl  in  the  field  of  vision  are  obtained. 

All  irregular  mixture  of  the  fields  of  the  small  fibre-bundles,  in  which 
large  groups  of  sensory  units  of  the  fai^eiculus  erueiatus  lie  next  to  small 
>ups  of  tlje  fiis(.4eulus  non-eruciatus  over  the  cortical  surface  of  the  visual 
centre  in  the  brain  cortex,  t\irnishcs  more  or  leas  incongruous  hemianopic 
defects.  If  the  fields  of  both  kinds  of  sensory  units  form  closed  areas, 
so  that  an  area  in  the  cortical  visual  perception  centre  of  one  hemisphere 
consisting  of  sensory  unitii  of  the  fasciculus  erueiatus^  and  another  area 
composed  entirely  of  sensory  units  from  the  fasc*ieulus  non -erueiatus,  can 
be  differentiatctl  from  each  other,  then  one-sided  hemianopic  defects  are 
obtained.  Nitilen  *  describes  such  a  case.  The  patient,  a  man,  was 
struck  on  the  head,  producing  fracture  of  the  occipital  Ixme  with  injury 
t*>  the  dura  mater  and  the  brain.  As  a  consequence  a  defect  aj>pcared  in 
the  temporal  half  of  the  field  of  vision  of  the  eye  on  the  aide  op[X)site  to 
the  injury. 

If  the  disease  causing  homonymous  hemianopsia  is  unaccompanied  by 
disease  of  the  retina,  papilla,  or  optie  tract,  and  there  are  no  intercurrent 
disturbances  of  a  purely  functional  nervous  nature,  which,  as  is  well  known, 
usually  produce  concentric  diminution  of  the  field  of  vision  and  lowering 
of  central  visual  acuteness,  then  generally  there  is  no  reason  why  eenti-al 
visual  acuteness  should  not  be  normal  in  cases  of  t>^ical  homonymous 
hemianopsia.  In  any  ease,  if  the  central  acuteness  of  vision  is  not  found 
normal,  and  if  all  troubles  whieli  might  influence  it  have  been  excluded, 
pit  must  be  reraembereil  that  in  old  peoide,  who  furnish  the  majority  of 
cases  of  homonymous  hemianopia,  central  visual  acuteness  is  it^lf  some- 
what diminishetb  In  the  face  of  gvent  diversity  of  normal  visual  acute- 
ness, even  to  a  doubled  degree,  it  can  be  readily  understood  that  indi- 
viduals with  overshot  fields,  who  therefore  have  a  double  innervation  of 
the  macula,  must  have  their  visual  acuteness  somewhat  diminisheti  in  abso- 
lute hemianopsia. 

Patients  in  whom  the  line  of  separation  pa^es  through  the  fixation- 


^  Loeo  cit&to,  S.  77. 


*  Apchiv  fur  Oplitbalmologie,  xxix,  8,  143. 
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point  are  nioi'e  traublecJ  in  reatling,  aiid^  iutleed,  in  any  active  vision,  tban 
tho^  who  exhibit  ati  ovei^shnt  jKirtioii  at  the  fixatiou-poiut  In  regard  to 
R'tiding,  left-sirled  lieaiianopsia  is  more  convenient  to  a  patient  tban  right- 
sided,  Ix^eanse  iii  the  hitter  form  the  end  of  a  word  is  not  yet  visible  when 
the  tixatiyn-puint  rests  on  the  eonimeueement  of  the  woi'd. 

Small  homonymous  hemianopic  scotoraata  in  the  maeular  region  of  the 
field  usually  cause  trouble  when  atternpts  are  made  to  read  fsmall  print,  be- 
cause the  letters  full  within  tlie  region  of  the  defeet.  With  large  print  very 
little  or  no  liindemnce  may  be  present,  and  during  distant  vision  little  or 
no  complaint  is  made. 

Generally  those  suffering  from  boniouymous  heniiano]>sia  insist  that  the 
eye  which  is  on  the  side  eorrespunding  to  the  homonymous  defect  is  blind. 
Tliis  belief  rests  on  the  idea  that  the  right  eye  sees  the  right  side  of  an 
oI>je("t  and  the  left  the  left  side. 

If  the  statements  of  such  patients  are  trusted  without  making  peri- 
metrie  examinations,  crossed  amaurosis^  whose  presence  in  brain-diseaae 
foci  of  one  side  only  has  not  yet  been  demonstrated  and  probably  never 
will  be,  might  be  assumed. 

In  hemianopsias  after  lesions  of  the  o]>tic  path  in  the  hemispheres 
and  the  cortical  visual  centre,  the  secondary  degeneration  never,  as  a  rule, 
extends  to  the  papilla.  It  generally  terminates  in  the  corpus  genicu- 
latum  externum.  Even  iu  lesions  of  the  tract  it  is  often  a  long  time 
before  the  dest^ending  atrophy  pa.^ses  the  chiasm  and  becomes  visible  in 
the  papilla,  (Irdinanly  the  ophthalmoseoi>e  shows  a  normal  fundus  in 
homonymous  hemianopsia.  There  must  be  wide-spread  disease  of  the 
cerebral  vessels  to  cause  such  a  condition,  as  in  atheromatous  and  syphi- 
litic degenerations  and  in  albuminuria,  thus  giving  rise  to  trouble  in  the 
retina  as  well  as  iu  the  l>raiu.  Sometimes  homonymous  hemianoj>sia 
apiM-ars  during  the  course  of  an  albuminuric  retinitis,  usually  the  result 
of  an  apoplexy. 

When  in  ease^  of  homonymous  hemianopsia  the  jjeripheral  limits  of  the 
retained  halves  of  the  fields  of  vision  do  not  pivssess  the  normal  extent,  the 
following  three  questions  should  Ix*  inuncxliately  taken  into  consideration  : 
L  Can  changes  be  made  out  in  the  fundus  of  the  eye?  2.  Is  the  oph- 
thalmoscopic apijcamnee  of  the  fundus  normal  ?  and,  3.  Did  the  bilateral 
homonymous  hemianopsia  cause  the  shrinkage  in  the  remaining  active 
halves  of  the  fields  of  visiun  ? 

If  a  patient  comes  sutferiug  from  hemianopsia  and  marked  changes  in 
the  fundus  o<^uli  for  the  fii*st  time,  it  is  not  easy  to  diagnose  the  presence 
of  humouymous  hemianopsia  from  the  ei»mplinitef1  changes  in  the  field  of 
vision.  The  indiwitiuu  of  the  complication  of  the  troulilc  with  homony- 
mous hemianopsia  is  (jbtaiued  from  the  sudden  onset  of  increase  in  visual 
disturlxmce,  markedly  towards  one  side,  and  sfnuctimes  the  addition  of  oilier 
eerebml  symptoms.  If  there  is  a  normal  l\iudus,  it  slmuld  l>e  determined 
whether  the  jiatient  is  myopic,  whether  tliere  is  hemeralopta,  and  whether 
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there  is  congpnitnl  amhlyopia  of  one  eye.  If  there  is  symmetrical  con- 
centric dhninutiou  of  the  retaiiiet!  liulvc**?^  with  sieiilar  lesseniog  of  the 
coIor-limitSj  then  the  condition  is  due  to  a  purely  nervous  trouble,  and  there 
will  be  probably  otiier  liystericul  stigmata  on  the  side  of  the  body  that  is 
opposite  to  that  of  tlie  heniianopia 

In  aged  patients  with  homonymous  hemianopsia,  in  whom  the  nutrition 
of  the  brain  has  suffertn]  a  good  deal,  irregular  sliriukage  of  the  limits  of 
tlie  retaitieJ  halves  of  the  vLsiial  tields  is  often  met  with.  Sometimes  such 
|)atieuts  tire  so  rapidly  that  (jerimetric  examination  is  not  poasible,  giving 
rise  to  bizarre  fields  tliat  do  not  appear  hemianopic  in  type* 

Patients  witli  seni?*jry  aphasia,  or  those  vvluj  are  in  a  serai- con  scions  state, 
and  in  whom  a  possiljle  hemianopsia  should  be  looked  for,  are  best  ex- 
amined by  means  of  a  light,  whieh  shonki  not  be  brought  too  near,  lest  the 
heat  be  noticed*  The  liglit  should  bt^  placed  fii'st  on  one  side,  then  on  the 
other,  and  gradually  brought  towards  the  point  where  tiie  patient  can  lix 
u|.Mjn  it.  ^\'hilst  this  is  teing  done  the  patient's  eyes  shonld  be  watched, 
to  sec  whether  they  follow  the  movements  of  the  li^^ht.  Hemianopsia  in 
such  subjects  tran  at  times  l)e  determined  by  means  of  tlie  blinking  reflex 
when,  without  the  patient^s  knowledge,  any  object  is  suddenly  moved  from 
one  side  towawls  the  eyes. 

Hemianopsia  is  seldom  seen  in  chiUlren.  If  such  a  condition  appears  in 
early  childhwxl,  tlie  homonymous  deficiency  may  never  be  realized,  betmnse 
such  patients  have  never  set^n  with  any  larger  fields. 

Frennd^and  Silex*  have  descril^  cases  of  hemianopsia  occurring  in 
childhood.  In  making  such  examinations  the  child  slionhl  be  mmie  to 
gaze  at  some  object,  whilst  a  second  one  (for  instance,  a  piece  of  candy)  is 
brought  from  the  side  l^efore  its  eyes.  If  the  second  piece  comes  into  the 
active  part  of  the  field  the  child  at  once  reaches  for  it,  but  if  the  object 
is  moved  in  the  defective  portion  no  notice  is  taken  of  it.  Such  ex- 
aminations can  be  made  in  tlie  binocular  field  only,  fi>r  if  one  eye  be 
covered  or  bandaged  the  child  bect>mes  fractious,  rendering  further  ex- 
amination imp<j.«sible. 

HEMIANOPSIA    DUE   TO    DISEASE   OF   THE   TRACT. 

The  particular  nerve-fibi-e  path  in  the  tract,  according  to  Henschen, 
is ;  (a)  The  macular  bundle  cours4^s  centrally  in  tlie  tract  (wiV,  m\  and  m\\ 
Figs.  72  and  73),  (A)  Tlie  nncros!?e<l  biinfUe  lies  dorso- laterally,  forming 
a  close  cord  {mikrA^  unktw,  Figs.  72  and  73).  The  bundles  retain  this 
positron  until  they  enter  the  corpus  geniculatum,  where  they  separate  into 
a  ma.ss  of  sejxirate  fibres,  (c)  The  cros,sed  bundle  {krj},  kr.v)  lies  ventro- 
mttlially,  and  fonns  a  bundle  which  lies  slantingly  and  hangs  loosely 
together,  somewhat  in  the  form  representetl  in  the  same  figures. 


>  Wiener  Mcdicinischo  Wochenschrid,  Nos.  32  and  f53,  18S8. 
»  Berlirter  Klinisehe  Wocheascliriit,  No.  42,  1888- 
VoL.  IL— B 
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Hensehen  had  this  scheme  taken  from  the  appeamni^^  seen  during  the 
examioation  of  a  preparation  from  a  patient  sutfering  frtjin  reeent  atrophy. 

There  is  another  dor&o-Iateral 
ai'ea  in  the  tract  (r//,  Figs.  72 
and  73)  which  eontains  6bres 
that  have  undergone  a  i*artial 
r;.£7"4  -        -L..,->^    '  T;'^^^    .     crossing  in   the  chiasm.     XLC 

indicates  Meynert^s  commis- 
sure;  G.C  shows  the  relative 
position  of  von  Gndden's  com- 
missure. 

When    the    tract   is   found 
filled  with  small  ctipillary  hem- 
orrhages, as  descriljed  by  Weigerfe  *  and  Saenger/  large-sized  drfec^ts  in  the 
field  of  vision  may  appear*     The  atropine  conditions  in  the  tmct  seem 
never  to  be  of  a  primary  naturCj  heniianopic  disturbances,  as  the  expression 

of  a   prtjgrassive    jiriman*    atrophy 
^^^'  ^^-  «>f  the   tracrt  analogous  to  that  of 

diseases  of  the  optic  nerves,  never 
if'^'A  yet    having    been    observed.      The 

atrophic  conditions  in  the  tract 
seenij  tlierefore,  to  be  merely  of  a 
secondary  atrophic  natuj-e.  Even  in 
multi]>le  sclerosis  homouymous  hemi- 
anopsia is  well  known  to  be  very 
rare,  Uhthoff^  not  having  found  a 
SI  11  trie  example  among  one  hundred 
^^  ea.ses.     This  is  remarkable    lM:'<?ause 

in  five  cases  which  were  examined 
under  the  microscope  by  Opjx^nheim/  sclerotic  focd  %vere  found  in  the 
orbit,  in  the  ehiasni,  and  in  the  tract. 

Two  similar  cases  of  direct  injury  to  the  tract  by  stabbing  have  been 
recordedj^ — one  descrilMxl  by  StefFau^^  and  a  second  by  Wernicke,*^  in  which, 
after  a  stab  in  the  left:  temjKjral  lobe,  right-sided  licniiplegia  and  right 
homonymtjus  hemianopsia,  witli  a  slight  ptosis  of  the  left  up|)er  eyelid, 
appeaitKl.  Hemianopie  pupil-reaction  was  present.  The  diagnosis  was  a 
punctured  wound  of  the  left  cerebral  peduncle  at  the  point  where  the  tract 
lies  against  it.  The  \\\mm  in  each  instance  indicatt?d  that  the  root-bundlt* 
of  the  levator  was  attectal  by  the  injury. 

*  Virchow's  Aix-hiv,  Ixv.  221. 

*  Archiv  fur  Paychintrit*  und  Nerv^nkmnkhelt^n,  x,  160. 

*  Ibid.,  xxL 

*  Zur  pHthologie  der  dJ&i*emiTiirten  Sclerose,  Berliner  Kliiii#che  Wocheiuiclirifti  xlu,  1887. 

*  Klitiischo  Motiaisblatter  fur  Augenheilkundej  18G5.  167. 

*  AUgememe  Wiener  Medicinische  Zeitungj  1890,  48,  49. 
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OflU'n  the  tract  is  presstxl  tvii  by  tumors  whioli  are  sitiiatal  iii  the 
neighboring  portions  of  the  brain.  Most  O3mmoiily  these  tumoi's  origi- 
nate in  the  central  ganglia,  as  in  the  eases  described  by  Rosenbachj  Oliver, 
Dresehfehl,  Xorris,  and  Dercmn.  A  wimpkte  elinif^l  history  of  these  cases 
is  giyen  by  HenstJien.^  In  a  case  of  Gowei^s^s  the  tumor  grew  from  the 
temporo-sphenoidal  lol*e  through  the  tract  into  the  peduncnUis  cerebri. 
8etsina  hm  found  a  tumor  in  the  gyrus  fornicatus  which  had  pressed  upon 
tlie  optic  tract. 

In  a  ciuse  by  Leyden^  a  focus  of  softening  which  spread  into  the  pednn- 
eidus  cerebri  and  attiwikal  the  optic  tract  was  found  in  the  lenticular  iiucleiia 
of  the  right  side.  There  were  left-sided  homonymous  hemianopsia  and 
hem  ta  n  op  i  e  p  n  pi  1-react i  on . 

For  the  diagnosis  of  a  purely  tract  hemianopsia  it  might  well  be  expected 
a  priori  that  in  such  a  narrow  band  of  fibres,  in  which  all  the  optic  fibres 
of  one  hemisphere  pass,  pressed  close  together,  the  usual  result  wuuld  be  a 
complete  homonymous  hemianopsia.  To  decide  this  question  statistically  a 
far  larger  number  of  indLsputable  observations  of  tract  hemianopsia  than, 
unfortunately,  is  at  present  known  of,  would  he  necessary* 

Frum  reajrded  observations  it  may  he  concluded  that  monocular  defects 
of  tlie  field,  which  later  become  homonymous,  point  to  primary  develop- 
ment of  dis^'asc-foci  in  the  immetliatc  vicinity  of  the  chiasm,  whilst  primary 
bilateral  homonymous  delects,  witli  more  or  less  congruity,  point  towards 
the  primary  focus,  being  silnatixl  in  the  tract  farther  towards  tlie  centre. 

In  simple  complete  tract  hemianopsia  tlie  color-limits  in  the  rt»tained 
bdves  of  the  fields  coincide  exactly  with  the  line  of  separation,  and  their 
extent  is  normah  In  the  incomplete  variety,  an  analogous  culor-blind  zone, 
similar  to  that  whicii  ha.s  been  dcscriljcd  in  the  diseases  of  the  optic  nerves, 
apjjears.  Thus,  in  Baer's  rase  the  percejrtion  of  light  was  re-established 
in  the  lower  right  quadrants  iu  spite  of  the  fact  that  this  ptution  of  the 
field  showed  no  power  of  pen^eiving  color  when  examined  with  a  five-milli- 
metres-stjuare  colored  so  r face. 

Fig.  74  shows  a  tract  hemianopsia  following  a  basal  gummatous  men- 
ingitis. In  this  case  headache,  vomiting,  and  slight  loss  of  consciousness 
were  folio we<i  by  the  development  of  weakness  of  tljc  left  leg,  left-sided 
disturbance  of  sensibility,  jmresis  of  accommodation,  and  ptosis  on  the 
right  aide,  with  bilateral  paralysis  of  pnpil-reflex.  There  was  a  slight 
optic  neuritis.  At  the  Wginning  the  absnlute  defect  had  the  same  extent 
that  the  limits  of  bine  vision  had  after  three  months'  time.  In  the  first 
stages  there  was  a  narrow  wlor- blind  zone  in  a  clown  ward  direction  from 
the  absolute  detl'ctive  pc»rtion.  The  half-rin^-sha|^ed  jieriplicra!  zone  was 
adde«l  lat-cr.  All  the  other  symptoms,  excfr'[>t  a  sliglit  weakness  of  the  left 
leg,  disapjienrcd  after  tlie  use  of  mercurial  inunction.     When  last  seen,  the 

*  Loco  citato,  Bti  ii,  S.  2*57. 

»  Jahreabencht  fiir  DpLtliftltiiologie,  1891,  485, 


With  regard  to  the  development  of  the  defects  in  tlie  field  of  vision  in 
legions  of  the  ti'at^t,  tlie  fnllowiiig  potntB  sliouhl  l>e  noted  : 

(a)  Bilateral  homonyniouti  hemianopsia  may  develop  fiom  the  mon- 
wMilar  foruh 

(b)  The  disea>^e-f«icns  ninv  attack  the  second  tract  after  it  has  causcil 
a  homonyniQUs  heniiarioprtia  in  both  eym  hy  lesion  of  the  first  tract,  and 
in  this  manner  cause  the  presence  of  duplex  homonymous  liemiaD0|i6ia* 
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Oppenheim  describes  such  a  f'ase*  caused  by  basilar  raeningitie.  First  there 
was  typiml  liomoriymous  heniiauopsia  of  the  left  side,  witli  narrowing  of 
the  retaiuecl  portions  of  the  fields  of  visioa,  this  being  marked  iii  the  left 
eye.  Irregular  couL-entric  shrinking  appeared  only  occasionally,  indiatting 
tlie  type  of  heniiaiiupsiii,  until  at  last  a  left-sided  homunymoos  hemiano{>sia 
was  clearly  defined.  This  change  in  the  symptoras  is  explained  by  the 
rapid  growth  of  the  eunnective-tis>sue  strnctnre  of  the  syphilitic  affection, 
which  swells  and  shrinks  alternately,  |)roducing  changeable  pressure. 

RusselP  narrates  a  case  in  which  a  tiunor  destroyed  both  of  the  optic 
tracts,  causing  binocular  amaurosis, 

(c)  The  discase-j>rocess  may  spread  from  the  tract  to  the  chiasra.  Such 
cases  have  been  spoken  of  in  dcs<^Tibing  temporal  hemianopsia.  At  the 
ooinmencenient  of  the  spreading  of  the  attack  to  the  chiasm,  the  retreat 
of  the  limit  of  color-pcrcc*f>tiyn  from  the  dividing  line,  together  with  the 
concentric  diminution  of  the  color- fields  in  the  retainetl  half  of  the  field 
of  vision  of  one  eye,  with  nnilatcnil  loss  of  visual  acuteness,  gives  the 
direction  of  the  progress  of  the  distase.  If  the  disease-process  first  attacks 
the  [^lap i  11 U' macular  bundle,  a  relative  or  an  ai>solute  central  scotoma  de- 
velops, and  the  dividing  line  bends  towards  the  retained  halves  of  the  fields 
of  vision  in  a  manner  corres[>onding  with  tlie  size  of  the  scotoma.  The 
extent  of  the  field  for  white  and  colors  in  the  half  of  the  other  eye  remains, 
at  least  in  the  comraencement,  normal, 

(d)  The  disease- fitcus  grows  from  the  chiasm  to  the  tract.  At  first 
there  b  temporal  hennanopsia.  To  this  is  slowly  addeil  complete  blindness 
of  one  eye.  This  order  of  symptoms  cannot  be  separated  from  that  which 
appea.rs  when  the  process  spreads  to  tlie  optic  nerve  of  one  side,  or  when  the 
whole  of  one  side  of  the  chiasra  is  destroyed. 

To  n*i*apitulato  the  diagnostic  {^oiuts  of  tract  hemianopsia.  1.  The 
optic  tract  may  be  affected  by  itself  2.  It  is  impossible  to  conclude  that 
tliere  is  a  tract  hemianopsia  from  the  form  of  the  hem iauopic  field  of  vision 
alone.  3.  If  to  a  homonymous  hemianuijsia  is  added  a  failing  oi'  tlie  visual 
acnteness  of  one  eye,  with  a  cori^8i»onding  change  in  the  i-etained  half  of 
the  field  of  vision  of  this  eye,  the  disease-pnxx'ss  has  spread  to  the  chiasm. 

4.  If  nasal  homi^nymuus  hemianopsia  is  found  in  one  eye  and  blindness 
or  a  high  degree*  of  amblyopia  in  the  other,  then  a  disease  of  the  tract  on 
the  side  of  the  nasal   hemianopit*  defect  of  the  field  of  vision  is  probable. 

5,  The  loss  of  only  one-half  of  the  firld  tif  vision  of  one  eye  of  a  hcmi- 
anopic  character,  soon  followed  by  the  loss  of  the  homonymous  half  of  the 
field  of  the  other  eye,  indicates  a  tmct  hemianopsia  in  which  the  seat  of  the 
disease  is  near  the  chiasm.  0.  Tfie  Ijihiteral  apiieamnce  of  incomplete 
homonymous  hcioianupic  defects,  which  point  to  tract  hemianopsia,  indi- 
cates that  the  point  attackt^l  in  the  tract  is  situated  centrally  at  some  dis- 

^  Zur  Kenntnjss  der  sjphilitbchen  Erkrankungcn  der  Central  Nervenjjjnstems,  Berlin^ 
1890»  S.  10. 

*  Schmidt's  Jab rl>ucherT  ciitu,  Ui4. 
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lance  from  the  chiasm.  '7.  Weakness  of  one  or  more  cerebral  nerv^  on 
one  side  of  the  body^  with  loss  of  tlie  homouymoua  halves  of  the  visual 
tieUU  on  the  other  side,  sometinies  fullowctl  or  aoconipanlal  by  liemij>legia 
or  au4e8thesifi  towards  the  side  of  the  hemiauo]iic'  defeet,  ludic^teg  disease 
of  the  tract.  Often  polyuria  is  associated  with  these  conditions.  8.  Hemi- 
aikipie  jmpil-reactiou  in  homonymous  hemianopsia  indicates  disease  of  the 
tmct.  Jt.  A  slow  deveh>i>Dieut  of  iKjuiiUjyjiimis  defects  indicate??  disease  of 
the  tract,  whilst  heuiianopsia  which  appears  suddeidy  (jnuticularly  in  pi'e- 
viously  healthy  patients)  is  often  causeil  by  intra- cerebral  hemorrhages  and 
ciulxdi.     Hemorrhages  into  the  tmct  are  mostly  of  a  capillary  nature. 


HEiflANOPSIA    IN   LESIONS  OF  THE   PRIMARY  OPTIC  CENTRES. 

By  the  primary  optic  centres  are  understood  the  corpus  geniculatum 
externum,  tlie  coUiculus  anterior,  the  corpus  qnadrigcminum,  and  the 
pidvinar. 

Altliuu^h  there  is  no  doubt  that  fibres  from  the  tract  pass  to  each  of 
these  t?nuo;Ua,  yet  a  differentiation  lit»tween  those  fibres  which  serve  for 
ai'iunl  srnsr  of  visirui  (the  visual  hbrcs)  and  tho^e  which  starve  for  I'eflex 
Imnsmi^^siou  from  the  optic  ner%^e  to  the  other  eei^bral  centres  must  be  noted. 
In  n^^u'il  to  the  tpiestiou  whctlier  visual  fibres  pass  to  the  culliculus  ante- 
riur  and  the  |>ulvinar,  Nothuagcl  has  ibund  that  a  lesion  of  the  ctjlliculus 
itutcrior  is  not  necessarily  followed  by  visual  disturbances.  In  like  manner 
axM's  havt^  Ikvu  n'coixled  which  seem  to  demonstrate  that  lesion  of  the  pul- 
vinar  i.'^  not  cs-H^itially  accompanied  by  disturbances  of  vision. 

All  authors  aiv  nevertheless  ajy:reed  that  the  corpus  genienlatum  exter- 
num in  intimately  associated  with  the  %'isaa]  fibres.  The  gangliou-cell  layer 
of  tin*  nlina  is  regaitlctl  as  the  chief  point  of  origin  of  the  fibres  of  the 
optic  ucrvi\  The  axis-cylinder  continuations  of  the  ceutripijtal  fibres  ter- 
tuitiatc  in  the  primary  optic  centres  and  cause  the  transmission  of  impulses 
io  tht*  irimjLjlitui  cells,  especially  to  tlie  i>eriphemlly  situated  ones  of  the 
iHupUH  genit'ulatuui  cxtcrnunL'  At  their  entry  into  the  outer  corpus  genicu- 
lutum  the  scvcml  bundles  of  fibres  of  the  optic  nerve  separate.  Henschen 
liUf»  hhv^wn  that  the  fibres  of  the  crossiHl  and  uncrossed  bundles  appear  t^^ 
lie  eK>ae  tn»;cther.  They  then  form  in  the  tnjrpus  geniculatum  the  Ix^antiful 
bundle  which  radiate  in  a  sagittal  direction.  Whether  their  separation  in 
the  iiorpub  geniculatum  is  of  such  a  kind  that  distinct  portions  or  layers  of 
tlie  ganglion  corres[>and  to  certain  quadr-ants  of  the  retina  or  not  is  as  yet 
uukuuwn.  Fmbably  the  houionynions  fibits  lie  close  t^  one  another,  A 
pix»jectii»n  of  the  tract  fibres  over  the  primary*  centres  takes  jilace.  Here  an 
ending  of  the  fibres  of  the  tract  ap}>eai^,  and  the  ganglion-cells  giving  rise 
It*  iho  conducting  fi Itrc's  for  the  visual  spliere  are  seen, 

ifeiwtt^u  these  two  systems  of  fibres  there  must  be  assumed  to  be  a  trans- 
^UtUag  svKttHU  of  ganglion-cells  in  the  primary  optic  centres.     This  system 
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should,  at-cnixJing  to  v*  Jluiitikow/  |>ermit  a  seriesf  of  cliangcs  atid  thus 
cut  uif*  iftoluteJ  ajuductluiL  Fur  iii,<tiUK'e,  it  is  coumvablo  that  in  the 
corpus  genieulatuin  externum  the  bundle  i>f  the  tract  should  ejccile  not 
only  the  ganglion  cell8  w  liich  are  situated  in  its  immediate  neighborhiRxl, 
but  al&u  lho8<?  which  ai'e  more  di^tnuily  situateth  Tliis  explains  tlu*  incun- 
gruitie8  of  the  ditfei'CDt  defet^ts  in  hemiauojii^ia/ 

Yon  Munak(>w  also  iM^ievcs  tliat  the  key  to  tlie  cause  of  the  remarkable 
phenomenon  that  the  mjicuiar  Held  8o  often  remains  free  iu  homonymous 
hemiamipsia  (the  overshot  field  of  vision)  is  to  be  found  in  the  arrange- 
meut  of  the  primary  oi)tie  centres.  It  is  ermceivable  that  the  filires  in  the 
tract  origiuatijig  in  the  macula  lutea  terminate  in  a  ditlerent  manner  in  the 
corpus  genieulatum  exteruiim  from  those  that  do  not  radiate  into  a  cir- 
cumi>frilx^l  rcgiou  ;  that  is,  they  end  in  a  scattered  manner,  corrt«|K>nding 
to  the  importance  of  the  s|>ot  for  vision,-=in  fact^  io  such  a  way  that  the 
macular- fibre  bundle  takes  part  in  the  [>erceptiou  of  each  se<'tion  of  any 
picture  impressed  on  the  retina.  It  is  clear  that  it  mnst  be  asanmed  that 
the  macular  fasciculus  is  projectetl  indirectly  iu  a  corresp<uuliug  maimer 
luto  the  t^i^rcbral  sphere  of  vision,  and  that  this  extends  to  the  outermost 
limits  of  this  sphere,  so  that  the  cortical  distribution  of  the  macular  bundles 
forms  a  sjiecial  si)here  itn-ludcxl  within  the  actual  one.  In  assenting  to  tlu«e 
assumptions  it  must  under  all  circumstauct^  be  assumed  that  if  a  focus  of 
softening  leaves  only  a  small  |x>rtion  of  the  sphere  of  vision  li^ee,  allowing 
it  to  act,  then  excitation  of  the  macula  can  reach  this  undest roved  portion, 
and  in  such  a  way  that  liglit  is  still  peiT*eived  when  it  impinges  on  the 
macular  region. 

As  soon  as  any  slow -growing  permanent  process  of  disease  appears  in 
the  occipital  lobe,  a  swondary  degeneration  develops  through  the  sagittal 
malulhi  from  the  point  of  the  lesion.  Tliis  causes  those  ganglion-cells  of 
the  primary  optic  centre  from  wdiich  the  axis-cylinder  cx>ntinuatiou  of  the 
sagittal  mwlulla  springs  to  atrophy. 

The  focal  symptoms  of  a  disease-focus  in  the  i>riman'  optic  centres  are 
generally  homonymous  hemianopsia,  and  hemiplegia  and  hemiansBsthesia 
of  the  same  side,  this  l>eing  in  consequence  of  the  txmimon  involvement 
of  the  neighboring  fi})n*s  [jassing  along  the  internal  capsule  or  the  pedun-' 
cuius  cen.^bri.  If  the  p^jsterior  end  of  the  tract  is  involved,  through  ptxiss- 
ure  or  softening,  the  hemianojjic  puj til- reaction  is  observed,  as  in  the  cases 
of  Olivei*'  and  Dercum/  and  in  the  tiirlier  recorded  ones  of  Leyden. 

In  diseases  affecting  the  thalamus  opticus,  with  homonymous  hemianop- 
sia and  he  mi  paresis  there  are  hemiplegia  and  hemiathetosis,  as  in  the  cases 
observed  by  Dereum  and  Heuschen.*     Tumors  in  the  neighlwrhood  of  the 


*  AR'hiv  fuT  Psythiiitnt^  und  Nfrvenkrankheiteo,  Bd.  xjliv.  Hefl  I,  B.  87, 

*  V,  Monakow,  Iwo  citnto,  S.  ftO. 

*  Opktlialmic  Review,  1890,  268, 

*  Joumiil  of  Nervous  and  Mentitl  Diseiiae,  lS90f  606, 

*  Loco  citato,  i.  !Q3. 
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Sylviao  aqiiedoet  cause  the  early  appearance  of  such  conditiotis  in  assoaft- 
tion  with  ventricular  dropsy  and  cliokiog  of  the  optic  disks. 

Hemianoi>Hia,  with  loss  of  the  mimetic  movements  and  temjiorary  hemi- 
plegia, is  fbimd  in  disease  of  the  optie  thalamus.* 

Disease  of  the  optie  thalamus  usually  leads  indirectly  to  hemaple^j 
If  the  posterior  portion  of  it,  with  the  pulvinar,  is  afleeted,  the  hemrl 
anopsia  is  obscTved  as  an  indirect  focal  symptiim,     Pust^hemiplegie  chor«i'| 
and  athetosis  are  symptoms  which  ought  probably  to  be  regarded  as  fo( 
symptoms  of  disease  of  the  optic  thalamus.     Involuntary  movemeate 
the  limbs  have  often  beeu  observ^ed  hi  mses  of  tumor  of  the  optic  thalamic 
Vaso-motor  and  tropliie  disturbances  of  the  paralyzed  half  of  the  bodj 
and  on  the  side  of  the  hemianopsia  should  be  numbered  among  the  focilj 
symptoms  of  the  disease.^ 

Bouchnt^  relates  a  ease  in  his  article  coneerning  cerebral  amaurosis  ( 
secpient  on  bilateml  disease  of  the  optic  thalami.     Here  there  was  ineun 
plete  paralysis  of  all  four  extremities.     Walking  or  standing  was  imposafl 
ble.     Ataxic  movements  and  tremors  iK*rurred  %vhen  tlie  patient  en  den  von 
to  use  his  hands.     Marked  anecssthesla  of  the  entire  skin  surfiioe  was  ob 
served. 


THE    FIELD    OF    VISION    IN    LESIONS    AFFECTING    THE   OPTIC    FIBRES 
THE   CEREBRAL   HEMISPHERES. 

The  intiiet  conneetion  of  the  external  corpus  geuiculatum  of  etach  sid 
with  the  oec^ipital  cortex  is  of  the  utmost  ifuiKjrtanee,  lieiiiuse  the  visu 
nerve  fibres  i)a^  along  this  path.  Fibres  w^hich  originate  in  the  orpa 
genicu latum  exteriuim  pass  to  the  parietal  and  temporal  convolutiot 
ThesCj  hfnvcver,  tlo  not  serve  for  visual  puriMises  in  the  proper  sense,  an 
therefore  a  lesion  of  them  does  not  produce  disturbance  of  vision. 

The  I'lsmi!  fibres  originate  in  the  larger  cells  of  the  corpus  geniculatua 
and  form  a  bundle  about  five  uiillimeti-es  in  thickness,  which  passes  ante 
riorly  from  the  top  of  the  fii'st  temporal  sulcus.  From  there  they  go  into 
the  second  temporal  gyrus  and  second  temporal  sulcus,  spreading  in  a  racli-^ 
ating  manner  into  t!ie  ct>rtex  at  the  top  of  the  eah-arine  fissure.  Insitii^  tlj< 
occipital  convohition  this  bundle  seutl?^  two  bow^-shaped  radiations  up  wan 
and  downwanl  to  the  ctirtex  in  the  caleariue  fissure. 

The  fibiTS  which  originate  in  the  cells  of  the  corpus  geuiculatum  te^ 
minate  in  the  cortex.     The  visual   fibre-bundle  contains  also  c*entriftigAt ' 
fibi"es,  which  originate  in  the  cells  of  the  cortex  and  terminate  in  the  eorpti* 
genieulatum  in  tlie  same  manner.     Besides  this,  fibres  connec^t  the  occipital 
convolution  with  tiie  corpora  quadrigemiua,  tlie  pulvinar,  and  the  external     y 
capsule.     These  fibres,  though  opik%  are  not  vhual  in  t^^pe.     The  crosa^H 
and  the  uncrossed  fibres  probably  lie  intermixed.    According  to  Heni^hen,     "^ 

1  Rosenbacb,  Neurologisches  Centra  I  bhitt,  v.  241. 

■  Wernicke,  Lobrbiicb  der  Gebiro-Krunkheiten,  ii.  77,  ui.  345. 

*  Oazctte  dea  H6pitaiu,  No.  149^  1879. 
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the  visoal  fibres  do  not  pasB  through  tho  intemal  capsule,  but  close  uutler- 
neatli  it. 

It  is  impossible  to  determine,  from  a  study  of  the  defects  of  the  field 
of  vision  alone,  whether  a  foeus  of  dlse^L^  is  situuttil  iu  the  patli  of  the 
visual  fibres  througli  the  heuiisphere ;  for  here,  aeeordiug  a.s  the  whole  or  a 
part  of  the  fibres  is  destroyed,  complete  or  incomplete  homouyraoiis  heuii- 
anopBia  results.  Attention  should  be  called  to  the  faet  that,  according  to 
the  author's  ex}>ericnecj  sometimes  in  fo<a  uf  disease  of  the  knee  or  poste- 
rior limb  of  the  inner  capsule,  which  oeciir  with  hemiplegia  and  hemiauses- 
thei^ia,  incomplete  liemi anopsia  is  seen. 

In  a  case  described  by  the  author,^  in  which  a  small  focus  in  the  occipi- 
tal lobe  had  indirectly  affected  the  path  of  optic  condnction,  the  homony- 
mous right  halves  of  the  fields  of  vision  w^re  found  filled  with  small 
scutomata.  Thei'e  was  also  an  absolute  si-tjtoma  which  included  the  macular 
portion  of  the  right  half  of  the  field  of  vision.  In  addition  to  symptoms 
of  psycliic  blindness,  homonymous  hemianopsia  should  be  regaixied  as  one 
of  the  focal  sigus  of  Icsiuns  of  tlie  occipital  lobe. 

According  to  Knie*s,  the  centres  for  the  associated  movements  of  the 
eyes  are  situated  in  the  coitex  of  tlic  ^x!cipital  convolution ;  and  it  is  on 
aeccmnt  of  the  destruction  of  these  centres  by  fijci  of  disease  in  the  occipi- 
tal convolution,  lie  says,  that  hemianopes  read  badly,  even  when  there 
is  an  overshot  field  of  vision.  A  focus  io  the  left  temporal  lobe  which 
attacks  the  ixjsterior  portions  of  the  tempiral  convolutinns,  and  which 
spreads  into  the  brain -substance  as  far  as  the  descending  coniu  of  the  latcml 
ventricle,  causes  right-sided  hem ianojisia  with  aphasia^and  right-sided  bemi- 
pl^ia  in  the  majority  of  ca^es.*  Lesions  of  the  cc^rtex  and  uerve-substance 
of  the  angular  gyrus  and  the  upiK^r  parietal  lobe  of  the  left  hemisphei'e 
usually  produ(*e  alexia  with  right-sidiKl  homonymous  hemianopsia. 

In  monoplegias  with  hemianopsia  a  focus  in  the  parietal  lobe  which  has 
eneroachixl  at  a  point  into  the  nerve-substance  and  destroyed  the  sagittal 
nerv*e-bundle  should  \ye  considerwl.  Hemianopsia  may  occur  with  Jack- 
sonian  epilepsy  in  which  the  ftxn  originally  caused  the  hemianopsia  by 
disease  of  the  oc^^ipital  lol>e.  Later,  tlin^ugh  a  spreading  of  the  disease- 
process  to  the  cortex  of  tlie  parietid  hilx^  there  arc  unilateral  txinvubions 
on  the  same  side  as  the  hemianopsia,  without  any  loss  of  consciousness. 

Wt^tjihal'  says,  '*  Paroxysmal  unset  of  unilateral  convulsions,  with  |>er- 
manent  liemi anopsia  of  the  same  side,  is  the  ri'sult  of  disease  of  that  portion 
of  the  opposite  hemisphere  which  Ht^  IwOiind  the  anterior  parietal  convolu- 
tions, whether  it  attacks  the  cortex  or  tlie  nerve- substance  or  bi^th  togetlier. 
Disturbance  of  the  muscle-sense  and  movement  of  the  arm,  together  with 
slight  weakening  of  the  sensibility  and  involvement  of  a  portion  of  the 


*  Die  lieiDmnopiachen  Gesicbisfeld-Formen,  WiefebudtTi,  1890,  8.  67. 

•  Oppeiibeitn,  Jfthre^bericht  fiir  Ophtliftlmologie,  18S6,  299, 


»  Charit^AnnaleDi  vii.  466, 
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facfe,  doubtful  weakening  of  the  mimetic  movements  of  one  side  of  the  fiwse, 
and  liomanymoos  hemianopsia  of  the  same  side,  an?  to  be  regarded  as  cod- 
elusive  signs  of  a  disea>?e  limited  to  the  cortex  of  the  hinder  {mrtoftbt 
parietal  convolution^  both  jmrietal  lol>es,  and  ejctending  slightly  bto  tb* 
tempuro-i?phenoiJal  convolution  and  LKJcipital  lobes*'^  * 

The  pupih^  give  no  hemianopic  rmetion  when  the  hemianopi^ia  results 
from  disease  situated  centrally  from  the  primary  centress  as  shown  W 
Renvers.^ 

Flashes  of  light  in  the  lost  halves  of  the  fields  of  vision  are  oocasioaallr 
observtnl  ill  the  early  days,  after  tlie  onset  of  a  hemianoj^ia  that  is  due  to 
mtrac-erebral  di:sease-ftx!i.  Their  occurrence  might  l>e  used  in  the  differ* 
ential  diagnosis  from  homonjTnous  hemianojisia  following  destroctioD  of 
the  optic  centre  in  the  brain  cortex.  The  reason  for  tins  is  that  the  fiashist 
of  light  cannot  p*:»8sibly  occur  alter  the  destruction  of  the  centres^  becau* 
the  perceiJtion  of  every  quality  of  light  (subjective  and  objective)  is  brouglit 
about  by  means  of  the  pereeption  centres. 

In  itises  of  horaon}Tnous  hemianopsia  consequent  on  lesion  of  Intracere^j 
bral  optic  (Xinduetion,  the  same  individual  relations  of  the  line  of  sefiarati 
with  regartl  to  the  overshot  visual  field  are  met  with  as  in  lesions  of 
tract.     In  a  case  of  Baumgarten's "  the  line  of  sei>aration  lay  in  the  verti* 
meridian  Ijetweeu  the  two  halves  of  the  visual  fields,  and  cut  through  ( 
fixation-point ;  whilst  in  other  cases,  of  which  Wernicke's^  is  an  example, 
the  line  of  sc^jiaration  was  pla4XKl  some  distance  from  the  fixation-poioL 

Zones  of  deadcuei.1  peri-cptiou,  in  which  colors  can  no  longer  be  recog- 
nized, may  be  observed,  as  seen  in  Forster's  case/ 


i 


exoffl 


CORTICAL   HEMIANOPSIA, 

According  to  Henschen,  the  visual  centre  is  situated  in  the  cortex 

the  calcarine  fissui-e.  It  is  not  certain  whether  the  most  anterior  and 
terior  jiortions  of  this  space  must  Ix*  inclndtxl  or  not.  The  lateral  extent 
of  this  centre  upwartl  ami  downwartl  is  such  that  a  strip  of  some  milli- 
metres  over  the  surface  of  the  cuneus  and  the  lobulus  lingualis  is 
nizalde.  The  cortex  of  the  upjier  surface  of  the  fissure  corres}>onds  to! 
the  dorsjil  half  of  the  retina,  that  of  the  lower  surface  to  tlie  ventral  half. 
The  macular  portion  probably  lies  towards  the  front,  and  the  peripheral 
area  is  situated  nearer  the  occipital  point. 

Tlie  crossed  and  uueross<xl  bundles  do  not  terminate,  as  Hunk  a^umes, 
in  separate  large  areas,  but  the  fibres  of  the  homonymous  halves  of  the  retina 
end  close  together.  The  dorsal  and  ventral  fibres  of  the  sagittal  nerve- 
bundle  terminate  in  the  macular  area  of  the  cortex  of  the  calcarine  fissam 


1  WeMplial,  Chant^AtinaleUt  viL  466 

'  DeuUclie  Medicitibehe  Wooheiischrif^,  1888,  xv\L  372. 

'  Centralbliitt  fiir  die  Mediciiiiflchen  Wi&senschafteiiT  1878,  21. 

*  Virchows  Archive  Uxxvii.  335,  1882. 

*  Gmefe  und  SaeniiBcb,  Hiiudbucli  der  gesammten  AugenheilkuDde,  vii.  IIS. 
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It  remains  uiiocrtam  whether  color-jiereejition  is  produced  by  the  same 
cells  that  omtse  hght-]WTceptrnn,  aud  whether  tlie  centre  for  eolor  Hea  in 
imutlier  layer  than  that  iutended  for  the  perception  of  light,  because  iij^  to 
the  pn 'Stilt  time  no  aaatoinieal  observatiinis  have  been  recorded*  At  any 
rate^  the  eortieal  eolor-eenti-e  doe^^  not  lie  in  the  ventnd  cortex,  as  was  tbr- 
inerly  assumed.  The  centre  for  [>erception  of  jK>sitiou  in  space,  in  tlie  same 
sense  as  the  eentivs  fi>r  li^ht-  and  color-|>erception,  probaljly  does  not  exist, 
for  the  sense  of  position  in  s|)aee  is  caustni  by  several  references  to  the  attion 
of  the  muscles  of  the  eye,  etc.,  whose  central  point  Knies  *  places  in  the 
cortex  of  tlie  occipital  1o1k\ 

The  theory  of  von  Mt>nakow  and  of  Vialet,  of  a  movable  cc^ntre  of 
vision,  has  gradually  lost  all  elinieal  and  anatomical  snpi>ort.  A  lesion  of 
the  central  division  of  the  cortex  of  the  ealcarine  fissure  calls  forth  a  per- 
manent defixl  in  the  visual  centre,  and  no  other  jiortion  of  the  cortex  ai*ea 
can  uiBciate  for  the  destroyed  centre.  On  tlie  otiier  hand,  the  niacnloi* 
retinal  region  often  receives  a  double  innervation,^ — i.e.,  from  both  hemi- 
sphere's.    To  a  c^Ttain  extent  it  may  be  said  that  there  is  a  atilietil  retina*^ 

Disease  of  the  o{>tic  c*eiitre  in  the  c<jrtex  may  occur  without  any  other 
fi>cal  symptoms,  A  partial  destruction  of  cortex  area,  as  in  the  case  of 
Hun,^  may  ciuist*  simply  an  intMjmplete  homonymous  hemianopsia,  Unfor* 
tunately,  however,  the  focus  is  usually  not  limited  to  tlic  ctntex  only,  but 
spreads  into  the  nerve-suljstanoe.  Alter  dtstniction  of  the  cortical  centre 
neitlicr  fia-ihes  of  light  nor  hallucinations  of  vision  can  appear  in  the  half 
of  the  visual  field  which  is  coiint^ctefl  with  the  destroyed  centre.  Still, 
before  this  assertion  can  bt»  implicitly  act-epted,  further  research  must  be 
made. 

Cases  are  known  in  which,  as  in  apoplexy,  tlie  color-perception  of  the 
homonymous  halves  of  the  fields  of  vision  is  lost,  wdjilst  the  peripheral 
extent  of  the  field  for  white  and  the  central  and  peripheral  acuteness  of 
vision  *»f  liomcHiymons  color-blind  halves^  of  the  visual  fields  are  not  altei'ed, 
or  only  to  an  nnimpoitant  dej^ree.  In  tliis  connection  attention  may  be 
called  to  the  rases  of  Samelsohn/  vSteffanj''  and  Alexander,*  in  which  the 
acuteness  of  vision  and  the  visual  field  for  white  remaineil  normal  tor  years 
after  an  apoplectiform  lieraianopic  ctvhir-blindncss  (so-called  color-hemi- 
anopia)  had  appean:d  as  bilateral  color-blindness  in  eyt^  which  had  for- 
mei-ly  good  color-perception.  This  i>ecnliarity  of  the  sudden  and  ]>erma- 
nent  loss  of  the  ]wwer  of  color-|>erception  in  both  eyes»  or  in  the  homony- 
mous haU'cs  of  the  two  fields,  whilst  the  eccentric  acuteness  of  vision  and 
the  extent  of  tlie  fields  of  vision  for  white  (when  examined  with  a  white 


1  Gmndriss  dt*r  Auj^t^nheUktinde,  ii.  89. 

*  Vid^  Oliver,  Artierieioi  Journfll  of  the  Medical  Sciences,  Jan.  and  April,  1885. 

*  Centmlbktt  fiir  Kliiusche  Mediein,  1888. 

*  OntralbliiU  ffir  dve  Medicinischen  Wis&etischafteD,  1881|  47,  50. 

*  Archiv  fiir  Ophthulinolagie,  xxvii.  2,  1881. 

*  Ibid.,  XV.  3,  102. 
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five-millimetres-f^quare  object)  are  normal,  can  be  explained  only  by  the 
sudden  se|mnition  of  tlmt  piJrtioQ  of  the  wrtical  surface  which  affect^s  the 
power  of  the  pea^eption  of  color,  without  any  destructive  interference  with 
the  ^nglion-i'ells  in  winch  the  ijereeption  of  light  originatei^. 

TIjc  author  has  studied  these  relationships,  and  has  asserted  *  that  the 
80-calU»d  centre  for  color- jK^rception  must  be  situated  in  the  outer  cortical 
layers  of  the  visual  centre,  and  over  that  cell-region  which  appeared  as  the 
centre  for  **  clear-sight  perception/'  Tiie  case  shown  by  Verrey,'  in  which 
the  disturbance  was  caused  by  a  lesion  of  the  oocipital  lobe  close  under  the 
cortex  of  tlie  calcariue  tissurc,  is  not  clear,  and  fails  to  affc»ct  this  belief, 
because  the  power  of  pi'ii'cption  of  light  wai*  ri^doced  to  uue-eighth  of  the 
normal.  The  author  has  found  a  case  by  Oppenhcim*  in  which  follow- 
ing a  fractni-e  of  the  left  side  of  the  oc^ciput  there  w^as  the  single  cerebral 
syraptoni  of  right  homonymous  color-hemianopsia.  Bardeleben  trephined, 
chiselling  oft'  the  atlected  i>oitions  of  the  lx>ne.  A  marked  depression  was 
found,  with  several  splinters  and  hairs  situated  in  the  deepest  jiait*  The 
lr>one  was  removed.  The  dura  mater  was  not  opened.  The  result  was 
suocessful  as  to  the  patient's  general  condittou,  but  tlie  a>lor-heniianopeia 
remained  unchanged. 

More  such  c^ses  must  be  olisei*ved  and  carefully  examined. 

Mackay  *  has  well  criticised  the  cases  wiiich  had  occurred  up  to  the  time 
of  the  ap|X*arance  of  his  paper.  He  recommends  the  following  method  of 
determining  jht! metrically  the  e<x^ntric  a<nitcness  of  vision  in  these  eases, 
which  is  well  worthy  of  adoption-  Upon  one  side  of  a  white  card  eight 
and  a  half  centimetres  long  and  two  csenti metres  broad  two  black  squares 
each  one  and  a  half  centimetres  wide  are  so  fastened  that  a  white  ^m^ 
three  cc^nti metres  wide  separates  them.  At  the  side  of  the  black  scpiares  a 
white  margin  of  the  card  remains,  Ujxiu  the  back  of  the  card  a  strip  of 
black  eight  and  a  half  rentinietres  long  is  fastened  so  that  it  covers  the 
white  cani  ihmi  the  lower  margin  to  the  same  height  as  the  black  square 
on  the  face  of  the  can!  miches.  This  examining  object  is  pushed  frum  the 
outer  and  inner  margins  of  the  perimeter  towards  the  fixation-point,  and 
frequently  ivvcrswl  so  that  alternately  the  bla«'k  rtrtangle  and  the  two  black 
squares  of  tlie  other  side  are  turned  towards  the  patient*  The  subject 
must  tell  in  oixler  (1)  the  moment  that  the  object  comes  into  the  field 
of  vision;  (2)  wliich  of  the  two  conditions  appears,  white  or  blark ; 
(3)  whether  one  or  two  black  spots  are  to  be  seen,  and,  lastly,  (4)  the  form 
that  thesjjots  and  rectangle  assume.  As  soon  as  the  patient  answers  one  of 
the  questions,  the  jM>iiit  njwn  the  perimeter  arc  at  which  the  test-objects 
are  seen  is  noted  on  a  scheme  of  the  field  of  vision.  For  determination  of 
tlie  peripheral  visual  acuteness  the  points  are  said  to  be  pro{KJrtiuuate  when 

>  Wilbmtid,  OphtliiilTiiiatmclie  BeitriUce  xur  Biagnosttk  der  Gehim-Kimnkheiteii,  1884. 
»  Archive*  d'Ophlalmologie,  1888,  JuUlet,  Aout. 

»  Verbandlungen  des  X.  internAtionako  medidnisdieii  Cvngre»ei,  Berlin,  Bd.  iv.  8, 2. 
*  Bntiftb  Mcdicjit  Journal,  Nov.  10,  1888. 
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the  patient  is  able  to  state  whether  he  i>ereeives  one  or  two  of  the  squares* 
In  this  maaner  every  meridian  of  each  half  of  each  field  of  vision  is 
examined,  a  good  comparison  between  the  j)eriphenil  perception  of  sjmce 
(visual  acuteness)  of  tlie  healthy  and  color-heraianopic  halves  of  the  visual 
fields  being  obtained. 

The  following  examination  serves  as  a  control.  An  object  from  one 
to  five  centimetres  square  is  left  wliite  upon  one  side.  Upon  the  otiier 
side  a  black  triangle  is  so  fastened  tliat  its  base  embraws  one  side  and  its 
apex  touches  the  centre  of  tlic  o|)]M)?^ite  side  of  the  scpiare.  The  eyes  are 
examined,  and  the  I'csnlts  are  set  down  on  a  scheme,  as  follows:  (1)  where 
tlie  object  ciitei'S  the  tit4d  of  vision  ;  (2)  wlierc  it  appeai*s  wliite,  or  black  and 
white ;  and  (3)  where  the  form  of  the  black  triangle  is  recognized. 

There  remains  to  note  specially  that  lej^ions  in  the  visual  tract  in  the 
occipital  lobe— for  instance,  in  disease-fm'i  in  or  under  the  parietal  lobc^  of 
the  left  side — canse  alexia  with  disturlmncrs  of  oJor-iiertA^iJtion,  reminding 
one  strongly  of  eolor-hemianopsia  in  the  homonymous  halves  of  the  fields 
of  vision.  This  condition,  however,  may  not  bt^  reganled  as  pure  wlor- 
hemianopsia  in  its  strict  sense,  for  the  rc^ason  tliat  io  the  known  ciises  the 
eccentric  acuteness  of  vision  and  perct^ption  of  light  were  altered  m  a  liigh 
degree.* 

A  peculiar  disturbance  which  is  known  by  the  author  as  atnne^tw  color- 
blimlne^,  and  which  is  at  times  found  in  right-sided  homonymous  hemi- 
anopsia with  aphasia,  consists  in  the  patient's  not  being  able  to  name,  or  in 
his  naming  wrongly,  colors  that  ai'e  hehl  Ix'fore  his  €\ves.  When  examining 
with  the  perimeter,  this  circumstance  might  easily  lead  to  the  assumption 
that  an  alteration  of  the  color-sense  is  present.  Such  patients  are  merely 
not  in  condition  to  find  spontaneously  the  won!  which  Ijclongs  to  the  color 
set  before  their  eyes.  If  bundles  of  eolorctl  wools  are  plactnl  Ijcfore  tlicm, 
and  they  are  set  to  sort  the  colors  which  belong  together,  they  do  it  witliout 
hesitation  or  fault,  thus  jiroving  that  the  color-sense  is  normal  and  tliat 
the  disturbance  is  one  that  belongs  to  the  aphasic  symptom -com  pi  ex.  The 
author  has  descrilxd  such  cascs,^ 


HEMIANOI»8IA    UOMONYMA    DUPLEX. 

If  right-  and  left- sided  homonvraous  hemianopsias  occur  in  the  same 
patient,  then  the  loss  of  the  homonymous  right  and  left  halves  of  the  visual 
fields  of  bith  eyes  causes  absolute  bilat^^ral  blindness,  just  as  if  tlic  right 
and  left  oj>tic  condnding  jtatlis  from  the  chiasm  had  Ikpcu  destroyed  at 
any  two  points.  If  in  this  condition  the  disease- focus  in  both  hemispheres 
attacks  the  optic  c^jnducting  |»ath  on  the  other  side  of  the  primary  optic 
centres,  and  if  there  is  no  indirect  pressure  exerted  on  the  primary  optic 
centre,  the  pupil-reaction  of  both  eyes  remains  intact,  notwithstanding  the 

*  Cc>mpiir&  Verwy,  Archives  d'Oplitalmologie,  1888,  Juillet,  AoOt  j  and  Ep^ron^ 
Archive?  irOpbtalmoIogic,  18SS,  Juillet,  Aoiit. 

*  OphthiilfiiifttriEche  Beitnige  zur  Diagnostik  der  Gehim-Krankbeiten,  1884>  S.  28. 
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presence  of  absolute  amaurosis.  In  contrast  to  this,  if  the  optic  tract  is 
dcstroyt^l  on  one  side,  and  the  opt 'n^*  path  in  the  heniiKpbere  or  the  optic  per- 
cf^ption  (^ntre  in  the  cortex  on  the  otiier  ha8  lost  its  function,  a  hemianopic 
pupil-reaction  is  obtained,  notwithstiintling  the  hihateral  ab.'^ihite  blindness 
and  the  los8  of  tlie  pnpil-it.*action  on  exposure  to  light-stimulus. 

If  a  lesion  occupy  the  situation  of  the  primary  optic  centres  on  both 
mdes,  tlie  pupil- react  ion  on  both  sides  will  fiiil  with  the  occurrence  of 
sudden  bilateral  blindness.  Peltzer^  has  described  such  a  case  in  whicli 
post-mortem  section  showed  embolism  of  the  basilar  arterj%  with  foci  of 
solleuing  in  both  optic  thalami,  the  corpora  quadrigeniina,  and  the  oocipitsd 
lobe, 

A  sudden  onset  of  bilateral  lesion  of  the  tract,  in  which  pupil-reaction 
is  wanting,  has  not  yet  been  observed. 

Doyne^  mentions  a  ease  in  which  a  temporar\^  right-sided  homony- 
mous hemiau(jpsia  lasting  fourteen  days  o«xurred,  followed  by  a  left-sidetl 
homon)Tnous  hemianopsia.  At  the  [wst-mortem  examination  disease- foci 
were  found  in  both  occipital  lobes. 

Occasionally  patients  suiferiug  with  homonymous  hemianopsia  state  that 
they  were  entirely  or  almost  entirely  blind  for  some  seconds,  or  even  for 
hours,  atler  their  attack,  followed  by  a  slow  return  of  |wwer  of  vision  upon 
one  side.  In  such  instances  probably  a  large  hemorrhage  lias  destroyed  the 
optic  |ierception  centre  of  one  bemispbere  at  its  median  surface,  and  exerted 
a  pressure  on  the  centre  in  the  other  hemisphere,  by  which  tlie  first  one 
aflected  was  temf)orjirily  stopi)eil  from  functional  activity. 

Biiateral  hemiauopsia,  with  blindness,  may  occur  suddenly,  without 
any  furtlier  focal  symptoms,  as  a  case  of  Bouveret's,  in  w^hich  a  post- 
mortem was  made,  shows.  Unilateral  or  bilateral  paralytic  symptoms, 
with  disturbau(*t^s  of  sensation  and  a|>hasic  symptoms,  are  associated  with 
the  sudden  onset  of  blindness,  according  as  other  brain  [mths  or  cortical 
centres  are  unilaterally  or  bilaterally  involved. 

When  an  ajx>plei'tifbrm  bilateral  blindness  in  which  the  conditions  {>oint 
to  a  cerebral  lesion  apj>ear,  the  following  }x>ints  when  making  a  prognosis 
should  l:ie  considered.  The  primary  bilateral  blindness  changes  to  normal 
vision.  In  this  ease  the  foci,  which  mrur  in  each  hemisphepe,  press  only 
temporarily  on  the  optic  conduction  path,  without  destroying  it.  Here 
also  the  bilateral  IJindness  might  l>e  considered  as  an  indircn^^t  bilateral 
focal  symptom.  Again,  one  optic  centre  may  be  destroyed  and  the  other 
only  temporarily  presse<l  upon.  In  this  case,  after  a  fe^v  days,  a  right-  or 
left-sided  complete  or  incomplete  homonymous  hemianopsia  will  ensue. 
Again,  an  original  attack  of  blindness  may  produce  right-  or  left-sided 
hemianopic  defti?ts. 

All  forms  of  defect  which  are  observed  in  simple  homonymous  hemi- 


1  Berliner  Klinische  Wocbengcbrift,  1872,  47. 
'  Ophthalmic  Beview,  1^69,  877. 
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anopsia  may  appear  in  the  most  divert  combinations  in  bilateral  liumonv' 
raouii  hemianopie  eases.  Limiting  the  j^tiitly  and  analysis  to  those  ex- 
amples which  have  been  described  with  8i)e<*ial  regard  to  defects  of  the 
field  of  vision  np  to  the  year  1894,  tlie  following  groupings  are  met  with  : 

I,  Ah8olute  defects   in    both    homouytnous    halves    of   the   visual    fields. 

II,  An  absolute  defect  in  the  homonymous  halves  of  the  visual  field  in 
one  dii^ection,  wliilst  an  incomplete  deft^.!  otrurs  in  tlie  homc»nymoiis  halves 
of  the  other  visual  field.  IIL  Defects  in  the  fields  of  vision  which  are 
complete  and  absolute  in  botli  homonymous  halves ;  or  complete  and  ab- 
solute in  the  homonymous  halves  in  one  direction  and  incomplete  in  the 
other;  or  incomplete  in  the  homonymous  halves  in  both  dii'ections.  To 
the  first  group  belong  Steftan's  case/  in  which  aixiplectifc^rm  bilateral 
color-hemianopsia  witli  normal  visual  acuteness  occurred  (bilateral  liomony- 
mens  hemianopsia).  An  analogous  case  has  lKi:'n  sevn  by  Alexander.^  Id 
a  case  seen  by  Hwhe^  the  lower  lialves  of  tlie  fields  failed  as  far  as  the 
horizontal  meridian.  Inside  the  limits  of  these  defects  perception  was  in- 
completely lost,  and  in  tliese  portions  photopsia  and  visual  hall uci nations 
occurre<L  Scholer*  has  seen  an  interesting  case  in  which  the  losis  of  the 
right  halves  of  the  fields  of  vision  was  such  that  there  was  only  bare  {ler- 
ception  of  light  left,  whilst  there  was  a  txtlor-hcmianopsia  in  the  left  re- 
maining homonymous  halves.  There  were  also  tunguL-shujKtl  delects  in 
the  upjKir  qnadnmts  of  the  right  homonymous  halves,  with  a  narrow  periph- 
eral active  zone  that  extendefl  as  far  ajj?  the  vertical  line  of  separation. 

In  Quaglino's  case*''  ajx>plec*tlform  blindness  first  ottiurred.  Later  there 
was  only  an  abs»>lute  defect  in  the  upjK'r  leil  quiulranis  of  each  eye,  the  rest 
of  the  field?,  with  the  exception  of  a  color-blindness  which  remained  per- 
manently, recovering  completely, 

Scholer^s  and  Quaglinu's  crises  to  a  cei-tain  extent  form  a  separate 
section  in  Group  L,  because  small  absolute  defects  in  the  homonymous 
halves  in  one  direction  occurretl  in  them. 

To  Group  II,  belongs  a  case  of  Siemerliug's.**  Here  complete  homon- 
ymous hemianopsia  of  the  right  side  occurred  suddenly,  whilst  in  the  left 
halves  a  c<ilor-hemianopsia  was  pi*esent. 

The  following  cases  belong  to  Group  IIT  In  one  seen  by  Schweigger  ^ 
there  was  a  ajmplete  hemianopsia  on  tlie  left  sides  of  the  fields  of  vision. 
In  the  homonymous  right  lialves  only  a  portion  of  the  upi>er  quadrants  had 
failed.     Sachs  ^  notes  an  instance  in  which  absolute  homonymous  hemi- 


Arcliw  fiir  Ophthalniologie,  xxvii.  2,  ii. 

*  Ibid.,  XV.  3,  102. 
"  Arc'hiv  tur  Psycbiatrie  und  Nerv«5rikrankheiteiJ|  Bd  xxiii.  Heft  1. 

*  Loco  citato, 

*  Oiomale  d'Oftiihnolo^ia  ttiiliiinOf  1867. 

'  Arehiv  fiir  P^yeliHitrie  und  Nervi^nkmnkheitenj  Bd.  xjlj.  Heft  1* 
'  Arehiv  fur  OplitbalmoloKi<-,  xxil  S.  S05. 

*  WiijTier  Kliniscbt?  Woclitmscbrift,  1888,  22,  28. 
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anopsia  of  tlie  right  Bide  was  prt?^*iit.  In  tlie  homonymous  left  sides  of 
the  visual  fields  the  upper  quadrants  temjKirarily  laik*d.  Swanzy  and 
Werner*  have  seen  instances  in  which  both  left  upper  and  right  lower 
quadrants  were  lost.  Groenouw  ^  has  reprcsenteil  the  scheme  of  an  anal- 
ogous field  of  vision  in  which  in  addition  there  were  small  homonymous 
heraianopic  scotomata  in  the  low^er  left  quadrants.  In  a  case  by  Doyne* 
there  was  at  first  a  complete  right  homonymous  hemianopsia.  This  con- 
ditiuu  having  Ijeen  r<:*covere(^^l  from^  an  incomplete  absolute  hemianopsia  aji- 
peai^d  in  the  upper  quadrants  uf  the  left  halves  of  the  visual  fields,  A 
post-mortem  examination  was  made.  In  a  patient  studied  by  Moeli*  a 
left^sided  complete  homonymous  hemiauopsia  w^as  present.  Large  objects 
could  Ije  inifteriec^ly  pei'ceivcd  in  the  right  halves  of  the  fields.  Lat<»r^ 
almost  complete  blindness  ensued.  There  was  also  a  small  portion  of  the 
field  in  the  macular  region  of  the  right  side  in  which  a  deadened  perception 
remainal  stationary  for  some  time.     A  post-mortem  description  is  given. 

A  mse  wliicli  Forster  describes*  is  interesting.  A  complete  right  ho- 
monymous liemianopsia  appeart^l  in  a  man  forty-fonr  years  old*  The 
dividing  line  between  the  defecti%^e  and  active  jwrtions  of  the  fields  passed 
round  the  fixation-point  of  both  eyes  in  such  a  manuer  that  it  reached 
beyond  the  horizontal  meridian  two  degrees  in  the  right  halves.  It  also 
lay  sliglitly  alwve  and  below  the  horizontal  meridian,  anti  somewhat  to  the 
right  of  a  per]iendicular  line  drawn  through  the  fixation -point.  There 
was  an  overshot  |>ortion  of  visnal  field  in  the  region  of  the  macula. 
Vision  was  almost  normaL  Four  years  later  au  absolutt^  left  homonymous 
hemianopsia  appeared^  so  that  only  a  small  central  portion  remained  active. 
This  little  area  extended  to  the  right  of  the  fixation-point  in  the  hori- 
zontal meridian  of  each  field  abont  one  degree  and  to  the  left  two  degrees^^H 
below  from  the  fixation -point  In  several  other  meridians  it  reached  from^l 
two  degrees  to  two  and  a  half  degrees  to  the  right.  Upw^ard  from  the 
horizontal  meridian  there  was  no  field.  The  field  was  obtaincnl  by  a 
white  square  object  one  and  one- half  millimetres  w^ide.  Absolute  color- 
blindness was  present  in  this  very  small  visual  area. 

Absolute  blindness  might  naturally  have  been  exjjected  to  result  from 
the  second  attack,  and  the  query  arises,  How"  was  such  a  small  ceotral 
field  of  vision  retaiue<l?  After  the  first  attack  it  is  cleiir  that  there  was  an 
overshot  portion  of  the  field  of  vision  in  the  macular  region,  w^jich  reached 
towards  the  right  two  degrees  beyr>nd  the  fixation -point.  From  this  ci  return- 
stance  it  may  be  assumed  that  when  the  left  hal\'es  of  the  visual  fields  first 
became  defective  there  was  an  overshot  portion  of  the  field  situated  towards 
the  left,  which  was  present  as  an  organic  part  of  the  right  halves  of  the 


«  Ophtliiilmic  Review,  1890,  p.  309. 

'  Art'hiv  fur  Pj^yehintrie  inid  NtTvenkTanklieit<jii,  xxuL  2, 

»  The  L»noet,  18S9,  ii.  1O02. 

*  Archiv  fiir  Ps-ycliuilrie  und  N<?rvenkr»(ikheiten,  xxiL  99. 

*  Archiv  fur  Ophthalinologie,  xscxvi  1^  94. 
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visual  field,  and  which  rt-acheil  two  degi^ees  beyond  the  fixation-point  into 
the  left  halves  of  the  visual  fields.  In  the  beginning,  liowever,  tlicre  was 
a  right-sided  incomplete  honionymons  liemiaDopsia  that  contained  a  rem- 
nant of  the  aetive  jwrtion  of  the  visual  field,  whicli  reaehetl  one  degree  in 
the  horizontal  meridian  towards  the  right  lM3yond  the  fixatiun-point  and 
two  degrees  towards  the  letl.  This  area  had  an  extent  of  two  and  a  half 
degrees  towaixls  the  lower  pait  of  tlie  field.  Thi.s  small  remnant  in  the 
right  horaonynions  halves  of  the  right  field  that  alone  remained  active 
(shown  in  Fig.  75,  in  which  the  double-lined  portion  is  the  space  of  tlie 
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Scheme  ihowlng  orersbot  macul»r  fleldi. 


double-innervated  portion  of  the  macida)  became  covered  in  consequence  of 
the  overshot  macular  jiortion  (a4f)  of  the  homonymous  left  halves,  and 
henoe  could  be  brought  into  provable  existence  only  when  the  left  homony* 
mous  halves  were  lost  four  yearn  later. 

That  such  small  remnant  of  the  visual  field  may  remaiu  active  in 
homonymous  hemianopsia  is  provtnl  by  the  lollowing  case  which  tiie  author 
has  observed.  A  man,  finty-two  years  tdd,  who  had  su fibred  from  syphilis 
some  years  before,  he<^ime  suddenly  paralyzed  on  the  right  side  and  had  a 
right-sided  homonymous  hemianopsia*  He  recovcnM;!  irom  the  paralysis. 
The  ophthalmos(M|)ic  <.'oudition  was  normal.  Acutcness  of  vision  was 
almost  normal.  The  dividing  line  lay  exactly  in  the  vertical  meridian, 
tlie  color-vision  limits  coinciding  with  it*  The  riglit  halves  of  the  fields, 
with  the  exception  of  a  small  macular  jxirtion,  were  lost.  The  retained  ecu- 
ti^  area  was  cut  in  an  upward  direction  exactly  in  the  horizontal  meridian, 
Vol.  11.-^20 
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and  extended  from  the  fixatiun-jKHtit  eight  degrees  towards  the  riu 
bein|ij  situated  l>Gtweeii  thiHi  and  tlie  one  hmidrtnl  ami  fortieth  uierultivrL 
It  formed  a  triangle  whose  base  lay  in  the  eighth  pamllel  ciivle  towunl- 
the  right,  ainl  whtjse  a(x*x  was  situat-tMl  towards  the  vertical  meridian.    It 
passed  beyond  the  fixation-point  by  a  width  of  two  dej^rees  in  the  vertitiil 
meridian.     There  was  a  eolor-blind  zone  between  the  line  which  sharplir| 
cut  otV  the  eolor* field  limits  in  the  vert it*al  moridiaii  of  the  left  halves  whiii 
were  active  and  sittiatt'd  towards  the  right     Two  dt^grees  to  the  right  of 
fi xation-jxiiot  there  was  a  deadened  area  for  red  and  bhie,     Schweiggex^  1 
described  an  analogons  case  of  bilat(*ral  honionymons  hernianopsia  in  whiti 
a  matular  remnant  of  the  field  of  vision,  having  an  extent  of  from  two  1 
three  degrees,  and  in  whieli  color-peit^eption  was  present,  was  retained. 

Sometimes  bilateral  hemianopsias  of  tliis  kind  are  accompanied  by  di»*l 
turhances  of  the  perception  of  jxjsition  in  space,  as  in  Forster's  and  Gn»e-| 
nonw'fi  eases,  or  witii  i>8ychieal  hliiidncss,  as  in  Quagliuo's  and  Siemerling*^ 
casmy  as  well  as  in  one  described  by  the  author.^ 

Honionymons  hemianopsia  is  not  observe<l  in  the  so-called  purely  nerJ 
vons  diseases,  except  under  the  name  of  amaurosis  partialis  fugax  (scotomi* 
scintillans,  or  heniianopic  glimmer  scotoniii),  w^hieh  lasts  a  short  tinae  iind 
to  a  t^rtain  degree  must  be  placed  among  the  funetionai  disturbances. 
condition  is  most  likely  to  be  the  I'csult  of  a  passing  spasm  of  the  vc 
in  the  rt^ion  of  single  eerebml  arteries.     It  may  be  well  conceived  that, 
in  consequence  of  sudden  alteration  of  the  condition  of  nourishment  of  i 
optic  pathsj  such  a  stinuilns  which  is  condnct-td  to  the  optic  {>erceptic) 
eentn-s  and  there  cjauses  lively  pliotopsias  may  be  set  free.     The  contiau*! 
ation  of  the  untrient  disturbanee,  with  the  diminished  capacity  of  coodiio 
tion  in  tlie  paths,  calls  forth  a  sccjtoma  which  increases  in  size,  and  at  itsJ 
margins  the  flusliing  of  light  continues  because  adjacent  fibres  are  placedJ 
in  a  condition  of  excitation. 

MaiUhner^  Ix'lieves  that  the  conduction  by  the  tract  fibres  is  internipttd 
at  R*me  definite  jH^int,  and  at  the  same  time  the  end  of  the  tract  at  this  sp>t 
wliich  is  connecttxl  with  the  intact  centre  is  excited,  and  hence,  ill  addition      - 
Ui  the  defect,  |ieculiar  subjective  light-symptoms  are  called  forth.  ^M 

In  an  epileptic  case  seen  by  the  author*  there  was  loes  of  the  homony-  ^1 
mous  left  lower  quadrants  of  the  fields  of  vision,  followed  by  a  loes  of  the 
entire  left  halves.     During  the  first  day  the  attacks  occurred  at  irregular       ; 
intervals.    On  the  seixjnd  day  they  ap|H?ared  everj'  quarter  of  an  hour.    The 
tliial  day  then*  were  epileptic  seizures,  which  caused  the  patient  tu  pass  into 
a  condition  of  status  epilepticus,  during  which  be  died.     Post-mortem  ex- 1 


>  Afekit  f&r  Augttiih«ilkutMl«,  1890,  xxii.  aae. 

*  BItt  Oiilmbttnilliflit  ak  Herdeiselieinung  iind  thre  Bedehungea  zur  hamoDjmtn 
HMnlftnop»i««  lur  Akzi«  uttd  A^impbi^.    Wiwbaidcii,  1887. 

*  U«b«r  MMltewig^a  bei  AuicIioii^UAb  Ktrrealeiilea,  Wilbnmil  uod  Saenger,  Leip- 
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iini  nation  showed  an  extretiie  congestion  of  the  brain  and  its  vessels,  which 
Wiis  most  nmrki^l  in  the  occifntiil  lobft^.  Over  this  region  the  pia  mater 
wafe  separable  with  great  diffienlty.  This  case  shows  that  scintillating  sco- 
tumata,  which  are  o-sually  so  harmless,  may  precede  some  severe  nervous 
disease,— a  ]x>iiit  to  which  Charcot  has  already  called  attention,  at  the  same 
time  citing  a  very  interesting  case*  Generally  the  attacks  last  but  a  short 
time,  antl  this  acx^onnts  for  the  want  of  publishe^^l  accounts  of  the  visual 
fields.  The  patients  usually  come  to  the  physician  when  the  attack  is  ^ver. 
As  scotoma  seintillans  occurs  both  unilaterally  and  Inlati^rally,  and  as  in 
the  latkT  cases  it  leads  to  blindness,  such  eases  should  not  be  mistaken  for 
the  bilateral  hemiaoopsia  that  appe^irs  as  an  iudirect  fucal  manifestation  in 
both  hemispheres. 

THE    FIELD    OF   VISION    IN    FUNC^riONAL   NERVOUS   DISTURBANCES. 

In  nervous  subjects  visual  disturbance  such  as  the  appearance  of  small 
clouds  and  tlie  rapid  tiring  of  the  eyes  when  doing  near  work,  so  that,  for 
example,  letters  run  together  and  disappear,  are  troubIes^lme  symptoms. 
At  the  same  time  there  may  be  complaints  of  pliotopsia,  visual  hallocina- 
tions,  sudden  onsets  of  monocular  and  binocular  double  vision,  pain  in  the 
eye  and  orbit,  attacks  of  seeing  objects  larger,  smaller,  nearer,  or  fartlier 
than  they  actually  are,  with  teai-s  in  the  eyes,  and  blindness  on  exposure 
to  light  The  ophthalmoscopic  condition  and  pupil-reaction  are  perfectly 
niirmal.  With  this  symptom-complex,  which  is  known  as  nervous  asthe- 
nopia, certiiin  pathological  |>henomena  are  almost  invariably  associated,  the 
knowledge  of  which  is  of  the  greatest  importance  to  the  pliysician.  This 
is  BO,  on  the  one  hand,  because  the  whole  symptom-complex  may  l>e  mis- 
taken for  signs  of  severe  organic  lesion  of  tlie  hinder  portion  of  the  visual 
nerve-tract,  without  any  oplithalmoscopie  symptoms  in  a  series  of  cases; 
and,  on  the  other  hand,  l>ecause  it  may  be  confounded  with  organic  lesions 
of  the  cerebro-spinal  nerve-system  and  of  the  optic  tracts  themselves. 

With  regard  to  the  changes  in  the  field  of  vision,  two  groups  of  visual 
field  changes  can  be  differentiated  ;  (a)  general  concentric  shrinkage,  and 
(6)  symptoms  of  ^veariness  in  the  field  of  vision.  Both  these  are  only  dif- 
ferent degrees  of  intensity  of  tlie  same  condition. 

(a)  When  such  a  field  is  examined  with  the  usual  white  surface  five 
millimetres  scpiare,  it  appears  evenly  reduced.  It  varies  in  size  from 
almost  normal  to  a  rcibietion  of  the  fifth  degree.  The  field  of  vision  is 
assumed  to  be  shrunken  in  a  high  degree  if  its  peripheral  extent  does  not 
pass  l»eyond  the  fifteenth  parallel  circle. 

While  the  orgauic  lesions  of  the  visual  ner^-^es  usually  cause  irregulari- 
ties and  set-to r-s 1 1  aped  gajis  in  the  outline  of  the  limiting  margin  of  the 
field  of  vision,  the  limits  of  the  field  of  vision  give,  on  the  contrary,  by 
functional  nervous  disturbanres,  a  non-toothcnl  form  corresponding  to  the 
iiminution  of  the  fielil  of  vision  for  \vhite  test-objects.  The  limits  for 
£>lors  also  show  a  relative  diminution.     In  some  cases  of  general  moderate 
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dimiQution  the  limits  fur  red  and  for  blue,  as  Charcot  lias  observe*!,  are  seen 
approach ing  each  other  very  closely,  troinciding  with  or  crossing  eac*h  other. 

Id  cascf^  of  eoiiceritrie  diniimitiou  where  the  shrinkage  is  great,  the 
color-limits  may  almost  coincide  with  thosi^  fijr  white.  There  is  a  weaken- 
ing of  the  power  of  distinguishing  colors,  so  that  small  colored  objects  ar*> 
not  correctly  perceived.  Thus,  bine  appears  gray  and  i-ed  may  seem  brown. 
Acnteness  of  central  vision  seems  to  be  greatly  lessened.  The  sense  of 
orientation  is  retained.  If  the  fiehl  be  examined  with  intensely  lighted 
large  objects,  it  will  be  found  to  have  increased  evenly  in  all  its  meridians: 
in  fact,  electric  sparks  are  recognizcil  at  the  periphery.  If  the  subject 
is  made  to  fix  a  certain  point  aL-cumtely  lor  some  time,  the  periphery 
changes  quickly  from  clear  vision  to  a  vague  appearance  of  fog,  thus 
being  brighter  on  the  side  towards  the  light  and  darker  on  the  other 
side.  If  the  vision  is  kept  firmly  fixed  on  one  point  for  some  time,  the 
fixation-point  Ix^comes  h>st  and  the  whole  field  of  vision  apjiears  as  if 
covered  w^th  a  bright  fog.  Tliis  process,  which  occurs  under  piiysiologieal 
circiimstanees  in  every  person,  occui's  in  such  subjects  in  a  markedly  brief 
|itTif>d  of  time;  that  is,  such  individuals  adapt  themselves  (in  Aubert's 
sense)  very  slowly.  The  author  has  demonstmted  this  by  a  series  of  ex- 
aminations on  a  numljer  of  patients  with  a  Foster's  pfiotometer.  This 
|>eriphcral  fog  is  the  result  of  rapid  tiring  of  the  retinal  sul>stanoe,  and 
results  only  when  a  small  point  is  acfjumtely  and  continuously  fixed  by  the 
eye*  In  this  way  light  and  shadow  cannot  alternate  on  the  surface  of  the 
retina,  and  the  affected  {>ortions  of  the  retina  have  no  chance  to  recover 
themselves  as  they  do  in  the  processes  of  a.ssimilation  when  light  and 
shadow  alternate.     (Hering.) 

If  the  fuiH^tional  disorder  is  of  recent  origin,  the  size  of  the  diminution 
of  tlie  field  Is  to  a  certain  extent  ehangealde,  so  that  upon  some  days  the 
shrinkage  appeal's  greater  than  upon  others.  Often  the  degree  of  dimi- 
nution is  the  same  in  both  eyes.  In  these  cases  there  are  disturbances  of 
cutaneous  sensibility  which  are  much  more  marked  on  the  side  of  the  body 
wlici^  there  is  the  greater  diminution  of  the  field.  Rarely  there  may 
be  an  apparent  wnwntric  slirinkage  of  one  field  only,  Charcot  has  ob- 
serve<l  concentric  shrinkage  of  the  field  of  vision  lasting  without  change 
for  thiii^y-eight  veal's  in  an  hysterical  patient. 

(b)  The  symptoms  of  too  rapid  appearanm  of  exhmtstion  in  the  field  of 
vmo7i  shouhl  be  iH^ganled  as  a  slighter  dcgi-ee  of  such  conditionSj  and,  there- 
fore, easier  of  resfMUise  to  tlicrapeutictil  measures.  Objects  direetly  or  in- 
directly fixed  rapidly  become  indistinct  and  disappear, — a  condition  that 
l>ecomes  truuljlesome  w^hen  the  eyes  are  used  continuously  ti>r  near  work. 
In  the  year  1877  Forater  first  called  attentifui  to  this  abnormal  condition 
of  exhaustion,  and  recommended  the  method  of  examination  now  known 
as  **  Fdr8ter*s  displacement  type,*'  w^hich  consists  in  using  a  white  exam- 
ining object,  and  tlien,  beginning  on  the  vertical  raeridiauj  bringing  the 
test-object  from  tlie  periphery  of  the  field  of  vision  on  the  temporal  side 
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with  equal  rapidity  across  the  field  in  all  it8  meridians  to  the  nasal  side,  and 
noting  the  points  of  rec<jguition  an<l  distip|>eHrant^. 

If  tlie  functional  nervous  distitrlmnce  has  the  form  of  the  too  ready 
exhaustion  of  the  retina,  then  the  suecessiou  of  figures  will  present  a  type 
(see  Fig.  76)  which  in  the  meridians  that  exhihit  the  temjxmil  half  (the 
first  part  examined)  possess  a  larger  area  than  the  nasal  half.  This  is  so 
because  in  the  region  of  the  latter  half  the  retina  had  become  exhausted. 
After  a  slight  period  of  rest,  duriog  whieh   the  patient  must  keep  the 
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shut,  the  90-callwl  **  control  examination"  is  made  reveffiedly  in  the 
same  meridians  and  in  the  same  succession.  In  this  way  a  second  field 
is  ol>tainetl  wIiorc  greatest  extent  is  on  the  na-^al  side,  IxHL'ause  this  was  the 
less  exhaustnl  half  of  the  patient's  retina  during  this  examination. 

The  author  has  modifial  this  s^miewhat  clumsy  and  prolonged  method 
of  examination  in  the  following  manner.  The  w^hite  examining  object, 
beginning  at  the  temimral  margin,  is  passed  along  the  horizontal  meridian 
(that  Ijeiog  the  meridian  of  greatest  extent)  regularly  and  li^lowly  towards 
the  nasal  margin.  An  assistant  is  then  to  mark  the  point  where  the 
object  is  firet  f^>crceived  as  O  on  the  form  {see  Fig.  77),  and  the  point 
whei"e  it  disappears  as  1.  This  action  is  reversiAl,  and  the  point  on  the 
temporal  side  where  the  object  disappears  from  the  field  after  the  second 
tiring  movement  is  designate<l  on  the  form  by  the  nnml>c^r  2.  Then  the 
first  movement  is  immediately  repeated,  and  the  |K»int  where  the  object  dis- 
apjicars  is  marked  on  the  nasal  side  with  the  figure  3.  If  the  points  do 
not  lie  inside  one  another^  in  consecjncnw  f»f  the  exhaustion  of  the  retina  not 
producing  any  dc^erease  in  the  extent  of  the  field,  the  figures  are  marked  one 
over  the  other  on  the  form.     In  this  manner  it  can  Ije  determined  whether 
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the  field  is  evenly  dioiinishocl  at  first,  in  whicli  half  of  the  Geld  tli^ 
hausting  prtxM^s  act^  most  rapidly,  and  to  what  jKiiralU  cirele  the  fieltl 
be  diniinished  by  iucreasiug  oxliaiistion. 

Id  all  such  exhausting  examiuationB  it  is  shown  that  the  field  of  v"J 
becomes  at  first  mare  rapidly  exhausted  in  the  temporal  half  tlian  irm 
nasal  half,  and  that  the  nearer  the  fixatiiui-puint  the  less  is  the  sbrinl< 
In  order  to  avoid  mistakes  iu  the  examination,  at  least  as  far  as  is  practi 
in  elioital  exaniioatiuns,  care  must  W  taken  that  the  patient  fixes  the  p<^^-* 
on  the  perimeter^  and  that  there  is  as  little  clo**iug  uf  the  eyelids  as  pus^i  '-^  ^ 

Fm.  77. 


It  must  be  understood  that  any  other  meridian  than  the  horizontal  one  may 

be  used  for  the  examination,  because  if  the  condition  of  ready  exhanstion 
is  present  it  shows  itself  equally  over  the  whole  surface  of  the  rt»tina. 

These  subnormal  apiwamntx^  of  a  ready  exhaustion  are  caused  by  the 
rapid  dimimition  of  exeitability  in  the  visual  substance  of  the  retina  as 
comparitl  with  what  is  present  in  f>liysiulo^ieally  norraal  snbjeets.  In 
these  latter  the  recovery  (assimilation  of  Hering)  of  the  nse*tl  material  (dis- 
similation of  Hering)  during  the  action  of  the  light  upon  the  retinal  su 
stance  in  a  measure  s|>ontaueously  continues,  so  tbat  the  exeitability  of 
retiua  niinains  al  one  stJige  continuously,  thus  under  ordinary  cireumstiinc 
satisfying  the  requirements  of  vision.  A  lessening  of  the  recovery  of  the 
usihI  material  produces  a  rapid  diminution  in  tlie  exeitalnlity  and  a  ei»] 
dition  iif  usi'lessness  in  the  visual  snVjstantv  of  the  retina,  from  which  coi 
dition  the  symptoms  of  nervous  asthenopia  (aufesthesia  retince,  hypers^thesia 
retinae)  may  arise. 

As  the  recovery  of  the  visual  substance  dei>ends  upon  the  replaeemei 
of  the  used  material,  so  a  process  of  assimilation  which  is  slower  than  usui 
must  delay  such  a  recovery  of  siil>stance.  That  this  is  so  in  a  large  seri 
of  cases  of  functional  nervous  disturbance  ^K>9s*^8sing  evenly  spread  ooi 
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centric  diminution  of  the  field  of  vision,  especially  where  there  is  Bhrink- 
age  due  to  exhaustion,  can  he  j>roved  by  means  of  Forsterls  photometer. 
Whilst  the  nomial  eye,  after  the  usual  stay  in  a  bright  liglit,  takes  one 
luinute  to  see  the  striug-table  of  Foi'ster's  phot*jmeter  through  an  opening 
in  a  t^vo-mi!hinetreS'84|uare  diaphragm,  subjects  suffering  from  i^tncral  erm- 
eentrie  diminution  of  the  field  caused  by  purely  functional  nervous  dis- 
turbauees  lind  it  neoefisary  to  take  ten  minutes'  or  even  a  half-hour's  rest 
in  a  darkened  room  to  recover  a  degree  of  vision  equal  to  that  obtained 
by  the  normal  eye.  If  such  subjects  were  adapted  (in  Aubeit's  sense, 
for  Hering  places  the  attainment  of  tlic  condition  of  morbid  e<iuilibrium 
under  adaptation),  and  they  were  placed  with  the  proper  precautions  in 
front  of  a  peanmcter,  the  field  of  vision  would  he  found  to  be  nearly  or 
quite  normal. 

In  some  subjects  whose  assimilation  processes  are  retarded  during  the 
time  they  keep  the  eye  fixeil  on  tiie  fixation -point  in  the  perimeter  and 
when  they  are  examinetl  with  a  white  object  of  the  regular  size,  there  is  an 
even  concentric  loss  of  the  peripheral  portions  of  the  field  of  vision.  If 
the  strength  of  the  excitation  be  increased, -^ — for  instance,  by  using  a  larger 
examining  objet^t,' — the  extent  of  the  field  of  vision  under  otherwise  like 
conditions  will  ap|jear  larger.  If  a  less  intense  examining  objetl — for  in- 
etanoe,  a  colored  one^ — be  employed,  a  reduction  of  the  color-limits  will  be 
found.  Thus  it  will  be  seen  that  in  the  purt4y  fnnetional  nervous  disturb- 
ances there  is  a  relative  rciiuetiou  in  Iwtli  the  white  and  tlie  color  fields. 

Usually,  if  normal  or  only  slightly  contracted  limits  to  the  field  of 
vision  are  commenced  with,  symptoms  of  exliaustion  can  be  estiiblished. 
Further,  if  it  be  desiretl  to  call  forth  exhaustion  symptoms  of  diverse  type, 
no  attempt  should  l)e  made  when  the  putient  is  already  exhausted  ;  and, 
finally,  it  will  lie  found  that  the  exhaustion  in  the  jwripheral  parts  of  the 
temporal  halves  of  the  field  takes  place  more  rai>idly  than  it  does  in  the 
peripheral  portions  of  the  nasal  halves,  upon  account  of  the  periplteral  ix)r- 
tion  of  the  temporal  halves  lying  farther  away  from  the  ftivea  ccntnilis. 

In  certain  grades  of  concentric  shrinkage  of  the  field  caust^l  by  purely 
ftinetioual  nerv'ous  trouble,  it  will  generally  be  found  that  the  limitis  of  i-ed 
vision  reach  to  or  even  pass  beyond  tliose  for  blue  vision.  This  fact  is  due 
to  the  remarkable  phenomenon  ^  that  small  blue  objet?ts  seen  during  dimin- 
ished ilhimination  are  more  elearly  recognizetl  at  the  {>eripliery  than  at  tlie 
centre  of  the  field. 

Diminution  of  the  fielfl  in  purely  functional  nervous  conditions  is 
dii-ectly  related  to  the  degree  of  retartlation  of  assimilation  in  the  visual 
substance.  This  progress  of  concentric  lessening  can  be  demonstrated  only 
when  the  exhaustion  is  systematically  stodied  and  central  fixation  is  accu- 
rately maintaineil.  The  pnjcesa  of  exhaustion  genei"ally  becomes  complete 
during  examination  with  the  perimeter.     Occasionally  cases  are  observed 

1  Landalt,  Qraefe  und  SAemtscb^  Handbucb  der  geeaiDUiteii  AugenhoilkundGi  iii«  535. 


312 


PKBIMHTBY   AND   ITS  CLINICAL   VALI7E. 


in  which  to  a  certain  extent  the  exhaustion  appears  rhythmically,  ?o  ttuit  ' 
from  point  to  |x>i«t  aloDg  the  same  meridiau  Uie  examiuiDg  object  &lte^ 
nately  appears  and  disappears.     This  conditiou  the  author  has  designait^ 
**  oecillatiog  field  of  vision.'*     The  heavy  daishes  (Fig,  78)  mark  the  strija 
in  which  the  examiuiog  object  was  perceived.     In  the  inter\'emDg  im\ 
spaces  pen%ptton  was  wanting  at  the  moment  of  the  ejtaminatioD.    Tk  | 
same  oecillation   existed  when    the   examination   was   made  with  colon 
Such  an  oscillating  field  of  vision  ordinarily  shows  a  different  form  ai  eatb 
examination.    Sometimes  when  the  disappearing  portions  of  perceptioD  in 
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tbe  idd  of  vision  are  studied  in  association  with  one  another  it  will  be 
found  that  to  a  certain  extent  they  have  a  zonular  form.  It  is  very  uuosual 
to  find  a  central  exhaustion  scotoma. 

The  oeeillating  field  of  vision  is  obtained  only  in  such  patients  as  com- 
plain of  extraordinarily  intense  photopsias.  It  is  usually  a  pacing  plw 
nomenon  during  the  condition  of  too  ready  exhaustion.  Many  ncrvou 
subjects  wlien  entering  a  dark  room  perceive  bright  and  colored  appl^o^J 
anoes  similar  to  those  of  the  kaleidoscoiie  in  the  field  of  vision. 


THE  SIJirLATIOX   OF   BEFECTS   IN  THE   FIELD  OF   \^SION 

As  a  rule,  malingerers  know  nothing  about  central   scotomata,  ring 
shaped  scotomata,  or  hemianopic  defects  of  the  visual  field.     These  coi 
ditions  are  simulated  with  great  difficulty,  and  only  when  the  subject 
well  up  in  the  s[K?cial  knowledge  of  these  ct»nditions.      The  stmulatioi 
therefore,  usually  takes  the  form  of  a  mere  concentric  contraction,  either  id 
a  case  in  which  tlie  ol>jet*tive  conditions  are  normal  or  in  one  in  which  soi 
disturbance  are  present.     In  liotli  cases,  the  simulator,  as  a  rule^ 
satisfied  with  the  pi^tence  of  concentric  diminution  of  slight  degree. 
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If  there  is  a  well-gmiuidetl  sii^^pitnon  of  malmgering,  the  eonfident^ 
of  the  examinee  must  Im^  preserveil  iu  order  that  he  can  eiirry  h'm  deeeit 
through  successfully.  His  first  statements  are  vahmblcj  as  clianges  in  later 
statements  IxH^onie  ui>i>ai*eiit  the  more  he  becomes  confused  by  the  diflereut 
metb(xis  employed. 

The  examiner  must  keep  the  examines  under  observation,  and  dictate 
the  limits  of  the  field  areas?  to  an  assistant  as  they  are  found.  The  simulator 
must  be  examined  on  scjKirate  days  with  the  same  objects  and  by  similar 
methods,  so  that  the  several  results  may  be  compared. 

One  of  the  simplest  and  most  important  means  of  proving  the  truth  of 
the  subject's  statements  consists  in  estimating  the  size  of  the  field  at  different 
distances  from  the  eye,  thus  permittiug  a  c<imparison  of  the  several  values 
foimd.  For  this  puqxise  the  string  ap|*aratus  introduced  by  the  writer  can 
be  employed.  To  the  midille  of  the  upi>er  margin  of  the  perimeter  (the 
jKvint  for  fixation,/,  in  Fig,  4)  is  to  be  fastened  a  black  linen  thread  three  times 
as  long  as  the  radius  of  the  perimeter,  and  on  this  thread  is  to  be  hung  a  white 
ball  having  a  diameter  of  fifteen  millimetres.  This  ball  is  plact^l  at  tlie  end 
of  a  long  black  iron  rod.  By  this  means  the  IkiII  can  be  carried  in  all  diix^c- 
tions  of  the  field  of  vision  at  similar  distances,  as^  for  example,  from  the  point 
/shown  in  Fig.  4.  If  the  circle  of  the  jM^ri meter  is  placed  in  the  vertical 
meridian,  tlie  examinee  made  to  ^x  his  eye,  and  the  white  ball  placed  at 
the  full  extent  of  the  thread  and  t^irried  from  the  |ieripliery  towartls  the 
fixation -point  in  the  horizontal  meridian,  the  ball  will  be  arrested  when  it 
reaeiic^  the  s}X)t  where  the  patient  observes  it.  The  eii^le  of  the  jx^ii meter 
is  then  to  he  brought  to  the  ball  and  the  corresponding  parallel  eii-cle  read  off. 
In  this  way  the  greater  jK>rtion  of  the  field  of  vision  can  be  determined. 
Care  must  he  taken  to  have  the  circle  of  the  perimeter  ]>erjK*ndicnlar  to  the 
axis  of  the  meridian  that  is  examined,  so  that  the  simulator  may  have  no 
point  by  which  he  can  mentally  measure  the  position  of  the  object  in  space. 
It  is  nec<^sarv  tluit  the  [icri meter  1k'  ho  placed  that  a  l>Iack  wall  in  the  shape 
of  a  half-cylinder  shall  surruumi  the  test -object  so  that  the  simulator  cannot 
by  iitdirect  vision  see  anytliing  but  the  perimeter  u[>on  a  black  surface. 

The  size  of  the  field  is  first  measured  ;  after  a  caleulatetl  period  of  time 
for  reeuj>cration,  the  field  is  retaken  witli  an  ordinary  five- rnillimctrc-square 
wliite  object,  (icnemlly  the  simulator  is  found  to  possess  a  mucti  larger  field 
when  examinetl  by  the  thread  apparatus  than  when  he  is  examineil  by  the 
ordinary  metlitKl. 

The  plan  rtx*ommende<l  by  Schmid  t- Rim  pier  ^  is  more  cumbersejme. 
The  examining  object  is  made  fast  at  the  utmost  limit  of  its  recognition, 
and  a  ]>rism  of  thirty  degrees  is  j)la(*ed  before  the  eye,  Tlie  patient  is  made 
to  ojjcn  the  other  eye  and  fix  with  it  as  well.  The  base  of  the  prism  is  held 
in  such  a  manner  that  the  picture  of  the  examining  object  falls  on  the  part 
which  is  said  to  be  blind.     As  the  fixation-iwint  is  seen  double,  the  simu- 
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lator  is  tempted  to  give  a  correct  answer  as  to  the  examiniDg  object  at  the 
periphery  also.  The  presence  of  an  object  in  the  periphery  surrounded 
by  colors  is  proof  of  the  fraud. 

Uneducated  simulators  at  times  state  that  the  examining  object  cannot 
be  perceived  at  the  fixation-point,  whilst  it  can  be  recognized  in  other  merid- 
ians. This  they  do  even  when  no  other  symptoms  of  exhaustion  can  be 
determined.  The  relation  of  the  orientation  to  the  size  of  the  defect  found 
in  the  field  is  important.  If  there  is  a  narrow  field  of  vision,  and  the 
patient  can  move  about  without  hinderance,  it  is  probable  that  there  is 
no  organic  lesion  present.  Proof  of  simulation  can  be  obtained  from  the 
relation  of  the  size  of  the  visual  field  to  central  acuteness  of  vision.  Often 
so  high  a  degree  of  loss  of  visual  acuteness  is  simulated  that  in  reading 
only  separate  letters  of  the  larger  prints  are  said  to  be  recognized.  If  this 
be  so,  the  least  trouble  found  when  the  case  is  examined  with  a  perimeter 
will  be  a  central  color-scotoma.  The  simulator,  knowing  nothing  about  the 
existence  of  such  a  condition,  will  almost  without  exception  not  complain 
of  such  a  symptom,  and  thus  will  be  detected. 

When  color-limits  are  studied  with  the  i)erimeter,  the  boundaries  for 
color  of  the  least  light  intensity  should  be  taken  first,  beginning  with 
green,  then  red,  and  lastly  blue.  During  the  examination  the  simulator 
should  not  be  asked  to  state  when  he  recognizes  the  color  of  the  exam- 
ining object,  but  should  always  be  requested  to  state  when  he  recognizes 
the  surface. 

In  regard  to  the  trustworthiness  of  the  statements  of  the  patients,  con- 
clusions may  be  drawn  from  the  gradual  loss  of  the  impression  of  color 
towarfs  the  periphery  and  the  assertions  as. to  change  in  the  tone  of  the 
color  of  the  examining  object.  Usually  the  patients  state  that  the  colors 
suddenly  ap])ear  and  disappear. 
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Congenital  color-blmduess,  or  tlie  congenital  defect  in  some  eyes 
of  confounding  certain  pmnoiineed  et>lors,  haa  probably  existed  as  long  aa 
the  human  race.  But  tlie  first  rocordt^  caj^e,  so  far  as  known  to  tlie 
authors,  tlates  back  only  alxmt  one  liundrcil  and  twenty  yeaj's.  This  is 
re|xnted  by  Hiiddar  in  the  sixty-seventh  volume  of  the  Philomphi^xd 
TranftactiotiM  of  1777,  and  is  tliat  of  a  shoemaker  named  Harris^  a  very 
intelligent  man,  who  could  not  distinguish  certain  colors,  and  who  &mld 
not  find  the  cherries  on  the  tree  liecause  they  apjieared  to  him  of  the  same 
color  as  the  leaves*  This  case  is  referred  to  by  the  Abbe  Rozier  in  the 
thirteenth  volume  of  his  journal,  in  1779,  with  the  remark  that  the 
anomaly  in  question  was  not  so  rai*e,  as  was  shown  by  the  case  of  the 
painter  Calan^an,  i-vho  painted  in  his  own  portrait  red  close  to  gn^en  without 
obstTving  it.  Rozier  must  have  had  a  clear  view  on  the  subject,  for  he 
stiites  that  there  mv  jieople  to  whom  nature  apj»ears  dichromic,  and  also 
people  to  whom  the  colors  seem  to  be  nothing  but  ahades  or  "  degradations'' 
of  white  or  gray.  The  next  l>est  known  cast^  in  the  last  century  is  that  of 
the  Engli^^Ji  chemist  Dalton,  who  was  red-blind  and  probably  tlie  fii^t  to 
study  his  color-sense  by  the  spectrum.  He  found  tliat  the  oolor-series 
from  red  to  green  ap|>earcMl  to  him  moncK-hnimatie  and  like  yellow,  whilst 
the  otljcr  half  appeared  blue,  Wliile  Dal  ton  was  thus  successful  in  study- 
ing bis  color-pt*rception,  he  w^as  less  so  in  looking  for  the  cause  of  his 
anomaly.  He  thougbt  it  was  not  only  probable  but  almost  beyond  doubt 
that  one  of  the  media  of  his  eye  was  colorLHl,  must  likely  the  vitreous,  so 
that  the  giTen  and  i-cd  niys  of  light  were  aljsorbed  tliere  l>efoi*e  reaching 
the  retina^ — an  idea  which  even  John  Herschel  could  not  argue  him  out  o£ 
Dalton  insisted  U|K>n  it,  and  directed  that  after  bis  death  his  eyes  should 
be  examined.  This  was  d<>nc  by  his  physician,  Ransome,  who  found  the 
vitreous  of  a  pale  yellow  color  and  when  held  before  the  eye  wHtbont  influ- 
ence upon  the  color  of  red  or  green  objects. 
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The  first  who  eutered  into  a  systematic  Btiidy  of  this  subject  wall 
Seeheck.  He  not  only  i^llectitl  all  the  former  tihstTvatiorii^,  but  examiiii 
nmny  jxtsods  himself  with  the  view  of  determining  the  firequency  of 
aoomaly,^  He  usetl  eriloixil  pajwrs  auJ  glasses,  sometimes  even  prisi 
diffractirm  colors^  and  meutiuos  eoloi*t»d  worsttxls,  rejecting  silk,  hovrever^^ 
on  account  of  ite  lustre.  He  clearly  points  out  that  no  scientific  value  cio 
W  placed  on  the  naming  of  the  ador,  hut  that  the  method  of  matchiDgbas 
to  be  employed.  He  knows  red-blinduess  and  green-blindness  and  the  factor 
of  heredity,  but  blue-blindnesi>  is  unknown  to  him.  Though  Seebeck 
covered  almost  the  whole  ground  as  far  as  the  thei^retical  side  of  the  subject 
was  c^jnc-eruetl,  still  the  practical  side  remained  unttiuched.  This  wasdnoe 
first  by  George  Wilson  {1818-1859),  who  pnblishcxl  his  main  researchain 
1853-55  in  d  liferent  pajK^rs  rmd  before  the  Royal  Sctittish  Society"  of  A; 
and  in  1855  iu  book  form  under  the  title  **  On  Railway  and  Ship  Si 
in  Relation  in  Color-Blinducss,-'  He  examined  over  a  tliuusand  persooB^i 
iiecognizf^d  total  color-blindness^  rcrf-blindness,  aad  fTr^eN^blindDees,  and 
first  propostxl  to  make  the  jwsitiou  of  a  c-ertaiu  class  of  railroad  empl«>v>i^ 
deix^ndent  uijon  the  [lossessiou  of  a  normal  color-sense.  He  also  employ^ 
w^orsteds  for  the  examination^  and,  to  shorten  the  latter,  proposed  to  let 
jDerson  pick  out  only  the  red  and  green  colors. 

Wilson ^s  work   did    not    ret^'ive   the  attentiun    it  deserved,  prol 
mainly  bc»<'aiise  at  that  time  the  ophthalmoscopi!  was  occupying  the  mi 
of  ophthalmologists  and  left  no  simoe  lor  a  subject  iu  which  that  wond 
instrument  (xudd  Ije  of  no  avail.     Indeed,  it  seems  that  Wilson's 
wei'e  almost  entirely  forgotten  for  twenty  years,  when  Favre  in  Fi 
(1873)  and  later  Blast*hko  and  Stilling  in  Germany  and  Cohen  in  Holland 
took  up  the  subject  anew* 

But  the  main  impetus  to  the  practical  side  of  this  question  was  giv 
by  Holmgren,  who  in  1877  published  his  work  on  '*  Color-BIindness  and 
Relation  to  Railroads  and  the  Marine,- '  In  this  he  des<-rilK*d,  without 
knowk'dge  of  Wilson's  work,  the  dangei^s  of  color-blindness,  and  prof 
a  method  of  testing  wdth  skeins  of  wool,  which  is  still  most  used,  uj 
the  name  of  Holmgre^^s  test,  and  will  be  given  later.  In  the  same  y 
Donders  in  Holland  published  his  ]>a|x?rs  on  the  quantitative  examinati 
of  the  color-sense,'  and  t^vo  }'eai'8  later  Dr.  B,  Joy  Jeftries,  of  Boston, 
lowed  with  his  well-known  work  "  Color- Blindness ;  its  Dangers  and 
Detection"  (Boston,  2d  e<l.,  1884),  which  has  done  a  great  deal  to  imp] 
upon  the  American  people  the  importance  of  the  subjects  At  aLjout 
same  time{187f>)  the  writer  of  this  article  calletl  the  attention  of  the  ofB( 
of  the  Pennsylvania  Rail  mad  to  the  researches  of  Holmgren,  with 
happy  result  that  in  1880  a  new  system  of  tcstmg  for  color-blind 
vision,  and  hearing  was  introdiic*edj  which  will  be  descnl>ed  later.     At 


'  Boggendorf '«  Annfllen,  Bd,  xlii.,  1837. 
»  Graefc's  Archiv,  Bd.  xxiiL  4,  1877. 
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Int^imatiODal  Medical  CoDgress  held  at  Loodon  in  1881  an  iDternational 
committee^  of  which  Dijnders  was  the  president  and  upon  wliieJi  the  writer 
had  tlie  honor  of  being  placed  as  the  American  repnsentative,  drew  up 
importaut  recommendations  for  the  examination  of  the  ejesight  of  mariners 
and  railway  ser\^ants.  They  emphasized  the  necesssiti.'  for  a  standard  of 
acuteness  of  vision  as  well  as  proof  of  color  seofie.  In  November,  1880, 
the  Council  of  the  Ophthalmologieal  Society  of  the  United  Kingdom  had 
appointc*!  a  a*mmittee  to  consider  defects  of  sight  in  relation  to  public 
safety,  but  only  the  fjuestionof  color-blindness  was  dealt  with  in  this  body^ 
with  the  result  that  among  eighteen  thousand  and  eighty-eight  pexsoQS  al 
different  periods  of  life  and  in  various  social  positions  4,76  per  cent,  of 
males  and  0,4  per  cent,  of  females  were  found  to  be  color-blind  to  some 
extent.  Though  io  England  the  question  has  been  frecjuently  disca*?sed 
since  that  time,  in  medical  journab  as  well  as  in  commercial  papers,  still  up 
to  the  present  time  there  have  been  no  government  regulations  is^sucd  in 
that  country  with  regard  to  it.  But  to  this  subject  we  must  return  subse- 
quently. At  present  we  shall  close  our  historical  remarks  and  turn  to  the 
existing  condition  of  the  question. 

It  h  easy  enough  to  define  congenital  ctilor-bliDdness  as  that  defect  of 
an  eye  thn:jugh  which  it  is  unable  to  distinguish  between  certain  colors 
while  in  other  resi>ei-ts  the  eye  is  normal,  but  the  greatest  difficulty  at  once 
arises  when  we  undertake  to  classify  the  different  kinds.  For  the  different 
views  on  the  subject  of  ajlor-jKnTeption,  especially  tlie  tlieory  of  Helmholtz 
and  that  of  Hering,  have  chaugcd  not  only  the  nomenclature  but  even  the 
symptomatology,  so  that,  asGeissler*  remarks,  it  would  Ik*  almost  ncK^ssary 
for  the  unbiassed  student  to  treat  of  the  subject  side  by  side  iu  two  diflerent 
ways,  first  in  the  sense  of  Helmholtz,  and  then  in  the  sense  of  Hering, 
We  shall  try  io  this  article  to  refrain  as  much  as  possible  from  theories  and 
hypotheses,  which  had  to  ix^  glveti  to  some  extent  in  the  article  on  Normal 
Color- Perci^pt ion,  and  eudcavor  to  keep  mainly  to  the  facts. 

The  principal  ty|>es  of  color-bliudoess  are  usually  dt^crilxxl  under  the 
headings  of  toiaJ  and  pnrlkil  culor*blindness.  These  will  now  IxMltMcrilKfl, 
and  then  a  few  words  abided  abtvut  raiuceil  cohr^ense  ;  but  it  mii.^t  U/  re- 
membered that  we  treat  only  of  the  c^^ngenitid  form  at  prcsrMit,  while  tlie 
acquired  form  will  be  referred  to  later. 

Total  Color- Blindnem,  or  Avhromatopsia* — Little  diflerence  cxifttM  lio- 
tween  the  authors  of  tlie  different  schools  in  the  description  of  th»'  rfyirincr 
in  which  the  ctjlored  wnrld  a|jj>€*xu's  to  individuals  of  tliis  chusa.  Thcj  wliotl? 
spectrum  ap[>ears  to  them  in  ditfei-ent  shmlesof  gray,  with  the  mftximfffn  ot 
brightness  in  the  yellow  or  the  gi'een.  A  totally  color-blind  teacher,  wh'Hie 
case  Magnus '  rej>orts,  compared  the  sjiectrum  tr  Ay  %%*^uu*\  lend- 


pencil  drawing  which  from  the  sodium  line  bf 
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both   unshortened  eDtk.     Any  pbotographic  priot  of   flowers  or 
objt*ets  will  indicjite  tlie  apjKii ranee,  but  witb  tliis  diflerence,  that  here  1 
blue  partB  appear  the  brightest.     This,  according  to  Hering,  woald  mam 
tliat  all  the  e!ir()iiifttie  siibstaiict'?^  had  disapj>eared,  only  the  white-b 
rc^maining,     Witli  regard  tu  the  Young-Helraholtz  theory,  Foster  i 
that  such  cases,  mcII  authenticated,  would  be  almost  fatal  to  it;  but, i 
already  nientioncHl  in  the  article  on  Color-Perception,  !t  in  even  easier 
conipreliend  these  vnsiis  by  this  theory  on  the  assumption  that  all  the  thr 
photo-cheniieal  substant^es  have  become  alike,  as  is  amply  justified  by  i 
color-vision  of  the  extreme  |>eriphery  of  our  retina.     Further,  audi 
as  that  mentioned  in   the  report  of  the  Committee  on  Color-Vifiion,M 
which  the  principal  sensation  was  green,  and  another  in  which  it  wad  blu 
violet,  can  then  lie  easily  ejcplained  by  assuming  that  all   eolor-aensiti^ 
terminals  are  provldtxl  with  a  substance  very  similar  to  the  green-  or 
blue-sensiitive  material  of  the  normal  eye.*     We  might  therefore  beteuini 
to  add  a  class  of*  monochroimdwji  to  that  of  achmmatics ;  but,  m  all  tbe 
ea'^es  are  very  rare,  and  therefore  not  of  iniieh  priictical  importaooe^  we  i 
pass  to  the  second  class,  the  parUailif  cohr-blincL 

All  typical  cases  of  partial  cohr4/llndnes8  are  characterized  by  the  i 
trura  apt>caring  to  them  die-hromatic  and  by  die  pre^^ence  in  it  of  a  fteutn 
bamff — it'.,  of  a  s[x*ctral  region  that  looks  to  them  white  or  gray,     Accon 
ing  to  Helmholtz's  theory^  which  is  followed  by  Holmgren,  thrtie  cla« 
are  distinguishe^l, — blue- blindness,  green-blindness,  and  red-blindnoea. 

Binv-biimhiesSy  also  called  vioiei'bimdtwm,  aktfanojmay  azanthoptiaf 
accor^ling  to  the  Young- HetmlKiltz  theory  is  due  to  tlie  blue-sensidre  sab- 
stanee  having  become  equal  to  the  green-sensitive,  or  ^ometimeB^  perhap, 
to  the  refl-seusitive  substance,  so  that  tlje  blue-blind  [)erson  sees  onlv  ml 
and  grtM;^.  Holmgren  had  such  a  aise  of  uniocular  blue-blindnese,  where 
the  red  half  of  the  spectrum  was  separated  from  tlie  green  pait  by  a  neotral 
colorless  znne  in  the  yellow.  This  yellow  apjuears  to  such  persons  grar, 
because  yellow,  like  gray,  excites  all  the  cones  of  their  retina,  Hering  calU 
this  condition  j/cilow-htne-bllndnemy  which  accortling  to  his  hypothesis  is  due 
to  the  absence  of  the  yellow-blne  snbstance  in  the  retina.  Usually  the 
spectrum  is  considerably  shortened  at  the  blue  end,  wluVh  was  also  found  to 
be  so  in  the  case  of  this  kind  examined  In*  the  Committee  on  Color* Visiuti 
above  mentioned.  In  a  typical  ease  of  this  class  we  find,  besides  the  syiniv 
toms  just  given,  that  i/iw  is  usually  cYmfijunded  with  green,  purple  with 
red^  orange  with  tfelhw,  and  vhld  with  yelloie-green  or  gray^  whicli  can 
easily  be  explained  by  the  Helmholtz  theory. 


1  Frfjiift'djiigs  of  the  Royal  Socket j,  vol.  li.,  No.  811,  p.  287,  July,  1892. 

'  One  iniiQ^ht  comptire  thi^  u^ual  BeiiBitive  plate  of  the  phfkto^mpber  wilh  the  retiiui  of 
that  patient  of  Abney's  who  pereeired  only  tbe  blue-vioM  weU,  because  that  plate  alioi* 
moat  flcn^itive  to  that  color  j  mid  the  phototype  of  the  author's  ci»lor-«ticic  for  the  ddectioii 
of  color- 111 indneK.4,  showE  in  the  aceomptinying  illustraliou,  will  i/&rye  to  &bow  bow  tbe 
different  Lolorb  would  uppear  to  such  a  peniou. 
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Gfreen^Hndness,  afihloropsiaj  iiglaukopmi^  or,  according  to  Hering,  rerf- 
green- blindness  with  the  spectriim  not  shortened,  is  of  greater  praetical 
importance  than  the  foregoing  types.  A  person  with  this  defect  confounds 
light  green  witli  dark  retl ;  he  does  not  recognize  a  tlark-green  letter  on 
black,  but  recognizes  '^vell  a  red  one  on  the  same  bat^kground.  The  sijec- 
trum  is  not  shortened  at  eitlier  end,  and  contains  only  two  colors  for  hini, 
separated  by  a  more  or  less  marked  neutral  hand,  as  the  colored  plate 
shows.  What  name  these  jierscius  give  the  colors  to  the  left  of  the  nentral 
2one,  the  **  warm  cH>lors'*  of  Dondei's,  whether  they  call  them  red,  green, 
or  yellow,  is  uot  of  much  significance,  and  depends  ii[xju  circumstances,  espe- 
cially the  dcgrct*  of  brightness,  hut  iLSually  the  name  yellow  is  preierred. 
The  very  interesting  ease  re<:H>rded  by  von  Hippel  of  unioadar  green-blind- 
ness  without  shortening  of  the  sj>ectrum  could  name  all  the  colors  of  the  spec- 
trum when  he  saw  it  in  its  entiixi  length  ;  but  when  single  colors  alone  were 
shown,  while  the  rest  were  it>veiMxl,  he  called  all  colors  from  the  extreme  red 
to  the  bluish  green  yellow,  and  from  there  everything  l>lue.  Tfw  singk  eohrs 
were  perceiveti  Oidi/as  differ eiit  Jihadm  of  yellow  or  of  blue.  The  greini-blind 
recognizes  blue,  and  sees  a  certain  green  like  red  aud  gray,  so  tliat  if  he  is 
given  purple  to  match  he  will  match  it  with  bluish  green  or  gray.  The 
reason  of  this  Ls  that  purple  excites  two  color-sensations,  i*ed  and  blue,  or 
in  his  eyes  all  the  sensatif^us  which  make  up  gray  ;  but  as  green j  according 
to  the  modified  Young-Helmholtz  theory,  affects  this  patient  in  the  same 
way  as  a  weak  red,  it  is  clear  that  a  bluish  green  must  a|>|>ear  to  him  like 
blue  plus  red,  and  therefore  ecjual  to  purple  or  gray.  The  accompanying 
diagram  wnll  make  this  still  clearer.     Here  the  red  and  the  green  curve  may 

Fio.  1. 


indicate  by  their  neighboring  pjsition  that  the  green-sensitive  substance  in 
the  rt^tina  has  bect>me  equal  to  the  retl-?^usitive  material.  It  is  evident 
from  the  figure  that  at  (?,  where  in  normal  eyes  green  would  be  per- 
ceived, all  the  substances  are  CM^iually  stinudate<l,  just  as  gray  would  stimu- 
late them  ;  but  it  is  also  clear  that  the  purple  of  normal  eyes  would  find  its 
position  here,  as  it  stimulates  tlie  retl  and  the  blue  sensation  equally.  We 
have  therefore  at  this  point  the  equation  :  Green  =  Gray  ^  Purple.  Some 
of  the  most  fre^pient  confusions,  according  to  Preyer,  are  the  following : 
brown  with  dark  green,  retl  witfi  green,  retl  with  orange,  red  with  yellow, 
itxl -yellow  with  green-yellow,  bluish  green  with  purple. 

Red-blindnoitf,  aneri/thropsia,  or,  according  to  Pleri ng,  red-green-blmd- 
ne^  with  shortencil  spectrum,  is  characterized  by  the  fact  that  three  impor- 
tant points^ — the  beginning  of  the  spectrum,  the  band  of  greatest  brightness, 
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and  the  neutral  zone  between  the  yellow  and  the  blue — are  transferred  1 
towards  tbe  blue.     The  red-blind  j>ersoD  eonfounds  the  Light-red  colors  w'u 
dark  green,  and  he  cannot  see  a  dark-red  s<^^|uare  on  a  black  grouad, 
spectrum  consists  also  of  yellow  and  blue,  but  his  yellow  does  not  begia,! 
in  the  former  class,  in  the  red,  but  only  in  the  orange,     Tliis,  accoi^ 
the  Young- Helmholtz  theory,  would  mean  that  the  red-sensitive  gubstaDoe 
has  become  equal  to  the  green-sensitive,  so  that  bluish  green  excites  all  tbe 
terminals  of  his  retina,  pnxluciog  the  sensation  of  gray*     The  accorapaDV- 
ing  diagram  shows  this  at  a  glance.     Here  again  the  red  and  the  green 

Fio.  2. 


curve  indicate  by  their  position  that  the  red-sensitive  has  become  equ&ll 
the  green-sensitive  substance.     The  point  where  the  two  substances  are 
equally  stimulated  is  at  GB,  therefore  farther  towards  the  blue  than  in  the 
case  of  grwn-bliudness*     Hei^  is  situated  the  neutral  line,  iiidicatins;  that 
to  tills  (xitient  a  bluish  green  must  api>ear  as  gray.     Red  at  R  stirauL 
very  sliglitly,&o  that  the  purple  of  the  normal  eye  must  look  to  the  patit'C 
like  blue.     It  will  be  iuteifsting  iu  this  connection  to  hear  fmm  Dr.  Pok, 
who  is  red-blind,  and  who  describes  his  case  verj^  caretnlly  in  a  long  articli^ 
in  the  PliHosophical  Transadions^  vol.  cxlis,,  1859,  from  w4iieh  we  give  the 
following  extract:  **  It  is  only  after  long  and  careful  investigation  that  I 
have  n>nie  to  the  conclusion  tliat  my  seusations  of  color  are  limited  to  blue 
and  yellow*     liut  !)elbre  I  found  this  out^that  is,  for  nearly  tliirty  yearsfl 
ray  life^ — 1  tirmly  l)elicvi»d  that  what  I  now  know  to  l)e  only  difierenoes  ; 
tone  ot*  one  or  other  of  these  wei'e  ditlerent  colors,  and  hence  I  was  inl 
liabit  of  talking  of  red,  crimson,  scarlet,  green,  brown,  purjde,  pink,  or 
etc.,  not,  of  a>urse,  with  the  confidence  of  normal  eyes,  but  stiU  with  a  fiiH 
l^elief  that  1  saw  them.     li\  thei'efore,  at  that  time  any  scientific  man  bod 
examined  me,  I  should  have  given  him  a  description  of  my  case  which  I 
now,  after  more  careful  study,  know  would  have  been  entirt*ly  wrong.    I 
should  have  told  him.  among  other  iuo^irrect  statements,  tbat  I  saw 
objci^ts  of  a  full  tone,  such  as  vermilion,  a  soldier's  coat,  etc,  perfectly 
and  I  ctiukb  if  neeeesary,  have  supported  my  assertion  by  naming  cor 
a  gn^it  variety  of  bodies  having  this  color,  which  indeed  I  am  in  the  halj 
of  doing  every  day/'     Purple  to  such  a  patient  appears  like  blue,  becau 
he  cannot  see  the  red  in  it.     From  Preyer'  we  will  give  now-  the  most  fre- 
quent       ^    ;  n-colors  for  the  red-blind  :  red  with  dark  green,  yellow  wil^d 
gnvu,  ^  \ith  bright  rtnl,  bluish  green  with  gray,  omnge  with  greenid^^ 

yellow  or  with  red,  orange  with  golden  yellow,  with  grass  green,  or  with  ml, 

>  Arch.  A^  FlijvioL,  Bd.  i.  4,  &»  8.  2^,  1868. 
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irple  with  blue.  Very  ioteresting  also  are  the  two  tables  given  by  Pfliiger 
^in  the  An*hiv  far  Augenkellkundey  Bel.  xi.  1,  S.  9,  1881,  in  which  lie  shows 
t>y  means  of  the  revolving  disk  that  the  red-blind  rec|iiires  on  the  disk  a 
Fmueh  larger  surface  of  blaek  than  ihx^s  the  ^r^'en-bliiHl  to  produce  the 
I'Sensatloii  of  the  s^ime  gray,  as  is  also  deinonst rated  by  the  faet  that  the 
Izieutnil  gray  of  the  red-blind  appears  to  the  normal  eye  darker  than  that 
[of  the  gn^n-blind. 

jReduced  Color-&'Ttse,  Dt/svhromatopskt.-^By  this  terra  is  raeaiit  that 
F condition  of  an  individual  in  which  only  f|uantitative  disturl)auces  of 
color- percept  ion  are  jtresent.  Here  no  errors  are  committed  if  t!ie  colnred 
objects  are  of  suflieient  size  and  in  a  very  good  light;  but  adniixture  of 
white,  gray,  and  black  changes  the  character  of  the  main  color  much  more 
quickly  than  for  tlie  normal  eye.     This  is  quite  diffei*ent  from  a  color-blind 

I  eye,  which  has  a  very  fine  |K>wcr  of  distinction  for  the  colors  that  it  can 
recognize.  Holmgren  c^lls  incomplete  color-blind  those  pei*sons  who  can- 
not recognize  the  ground  ciilor  in  tones  strongly  mixed  w'ith  w  hite,  but  see 
ID  them  principally  gray  or  brown.  We  also  find  otiicr  |>ersons  who  can- 
not well  distinguish  the  violet  rays  from  the  blue,  or  who  call  violet  gray 
or  brown.  But,  as  they  recognize  all  the  otlier  spectral  colors,  we  mnst  put 
them  in  this  class.  As  a  strange  pt?euliarity  we  must  further  mention  that 
some  persons  who  recognize  all  the  spectral  ajlors,  even  if  they  areeamfuUy 
isolated,  who  see  no  neutral  band  in  the  spectrum  and  stand  the  test  with 
the  polariseo{>e  {mde  podea),  do  not  pass  Holmgren's  test  No.  1.  They 
seem  to  stand  on  the  limit.  Perhaps  their  defect  is  to  be  explained  by  the 
fiwrt  that  the  sptn^-tral  colors  are  much  piiiTr,  while  those  of  the  worsteds 
are  frequently  very  mixed,  and  that  they  csm  recognize  colors  well  if  pure, 
but  not  if  these  colors  contain  many  si>ectral  ci>lors,  making  it  more  ditfi- 

fcult  for  the  mind  to  pick  out  the  dominant  one.  Here  we  mast  again  call 
attention  to  the  faet  mentionetl  in  tiie  j>a[>er  on  Color-Pereeption,  that,  ac- 
cording to  Helmholtz,  |3i*i^ons  with  trichromatic  vision  do  not  always  show 
the  same  col  or- pe  reception.  Even  the  two  eyes  of  the  sanie  observer  fre* 
qnently  show  small  ditlerences  as  tested  by  his  leukoseope.  Helmholtz 
explains  these  differences  by  the  assumption  that  in  such  abnormal  trichro- 
maties  the  green -sensitive  substance  has  become  not  like,  but  somewhat 
similar  to,  the  red-sensitive  substance.    We  may  add  here  that  iur  complete 

I  color-perception  the  brain-eells  are  just  as  necessary  as  the  photo-<!hemical 
substances.  It  might  0(]tnir  that  these  central  elements  ilo  not  |>erfi>rm  their 
function  well,  be«in.s^3  they  are  not  developed  and  educated  cnnugh  ;  just 
as  we  find  is  the  case  with  the  cerebral  paits  connected  with  the  periphery 
of  our  retina,  where  the  faculty  of  distinguishing  colors  and  form  can  be 
develo[>ed  by  praetiee  to  some  extent.  We  can  understand  now  that 
there  may  be  such  a  condition  as  color-ignorance^  in  which  the  i]»eripheral 
and  conducting  parts  are  pcrftK'tly  normal,  but  the  central  parts  are  not 
educated  enough  to  react  witli  tlic  pn>pcr  name  for  the  pe<:'uliar  sensation. 
That  even  this  may  be  objectionable  for  certain  employments  is  evident ; 
Vor,.  IT.— 21 
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and  liow  far  tliis  igDiJitinoe  may  go  sometinif^  is  shown  by  the  fblloi 
passage  from  tiie  lU-port  of*  the  Committee  on  Color-Visiou  :  **  The  poes- 
bility  of  the  existence  of  I'eal  color-ignorance  sucli  as  would  lead  to  a  non- 
recognition  of  tlie  trtie  color  of  a  signal  ai)ix'arcd  to  them  [the  committeif] 
very  doubtful  until  they  liad  taken  the  evidence  of  Staff-Surgeon  PrestoQ, 
R.N.j  for  it  was  hard  to  conceive  of  ignorance  wliich  would  lead  lo  coi 
fusion  in  naming  a  red,  a  green,  and  a  wliite  signal.  His  evidence,  how- 
ever, was  conclusive  of  its  existence  at  ceitaiii  recruiting  centres^  and  more 
especially  in  a  certain  class  of  rwroits/'  * 

With  the  examination  of  the  color-ftense,  it  must  be  remembered, 
have  made   al>ont  the    reverse^   exjierienee  of  tliat    for  acuity   of  visii 
Taking   the    least  visual    angle  which    among  t^lucated  {^eople  bas  I 
found  necessary  for  the  re<;ognition  of  objects,  we  find  that  this  is  &f 
large  for  the  inhabitants  of  mountain  villager  or  of  prairies.     There 
find  many  *Sjver-normar*  eyes, — which  of  course  Is  a  niLsnomer, — wliil 
when  we  examine  the  color-sense  at  the  same  remote  places  where  neit! 
occujiation  nor  dress  educates  the  mind  for  eolor-}x?rt*eption,  w^e  find 
many  who,  measui'eti  by  the  complex  color-language  of  the  educated,  arf 
subnormal*     But  here  it  must  be  remarked   that  mlot-igiiorance  can  be 
cured  by  edwcation,  while  hnte  congenital  color-blindness  is  incurable^  so  that 
a  person  who  shows  simple  color-ignorance  in  an  examination  maybe  jtHtlg^ 
re-cxamineil,  ^M 

Relaiion  of  CongmUal  Color- Blindnesa  to  Heredity  and  aScx, — There  can 
be  no  doulit  that  heretlity  and  sex  i>lay  an  imi^rtant  part  in  the  occu 
of  color- blindness.      Total  color-blindness   occurs   almost   entirely  in 
male  sejc,  and  frequently  several  brothers  are  affected  with  the  same 
normality,  as  in  the  instance  re[x»rte<l  by  De  \\''ecker.     Sometimes  nys 
mu8  and  amblyopia  are  present,  so  that  tlie  eyes  have  often  been 
as  almormal  in  other  respects.     In  red-blindness  and  gree^iblindness 
relations  have  been  studies!  ljest,and  it  was  known  for  a  long  time  that 
anomaly  usually  passes  from  grandfather  to  grandson,  while  almost  with 
exwption  the  daughter  of  the  culor-ljliud  father,  and  frecpiently  even 
son,  remain  free  from  the  defect*     Thus,  Dr.  I'liny  Earle,  in  the  American 
Journal  of  the  ^frdic4d  Scieneea  f^>r  April,  1845,  comrauntcates  the  case  of 
his  own  family,  in  which  during  four  gencmtions  there  wei*e  derived  from 
seventeen  marriages  thirty-two  male  descendants  w^ith  eighteen  eolor-bliod 
and    twenty -nine   female  des^x'ndants  with  two  c*olor-blind.     The  fourth 
generation  was  divid«xl  into  nine  families  of  twenty-one  male  memhei^ 
wuth   nine  color-blind  and  twenty^two  female  memlx^rs  w^ith  two  color- 
blind.    Once  it  oceurretl  that  neither  father  nor  grandfather  showed  die 
anomaly,  which,  however,  apjieared  in  the  great-gnindson,     Jeffries,  in 
book  on  Color- Blindness,  p.  58,  reports  from  Professor  Homer,  of  Zuri< 
the  case  of  an  ancestor  born  in  1642  from  whom  seven  generations 

1  Loo.  cit,  p.  800* 
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soended  with  fourteen  color-blind  male  descendants.  The  transmission  of 
the  anomaly  was  such  that  no  female  offspring  ever  suffered  from  it,  that 
with  one  exception  the  color-blind  fathers  had  sons  with  normal  color- 
vision,  and  finally  that  the  color-blind  male  members  had  normally  seeing 
mothers^  but  were  always  (except  the  one  son)  the  grandsons  of  color-blind 
grandparents  upon  the  maternal  side.  It  seems,  further,  that  the  influence 
of  heredity  is  gradually  diminishing,  as  in  the  case  reported  by  Mauthner.* 
The  transference  of  the  defect  to  female  members  of  a  family  is  rare,  but 
Cunier  ^  gives  an  observation  which  shows  an  heredity  of  the  defect  from 
the  mother  to  the  daugliters  in  five  generations,  whilst  the  sous  remained 
free ;  altogether  twelve  color-blind  women,  who  could  not  distinguish  cherry- 
red  from  blue.  Five  of  these  descended  from  one  mother ;  the  male  mem- 
bers of  the  family,  eight  in  number,  were  not  color-blind.  Interesting 
also  is  the  fact  that  brothers  show  usually  the  same  individual  character  of 
red-blindness  or  green-blinduess. 

The  visual  acuity  with  the  color-blind  of  these  types  is  usually  very 
good,  though  of  course  errors  of  refraction  occur.  Nystagmus  does  not 
occur,  and  both  eyes  show  usually  the  same  kind  of  anomaly,  if  they  are 
both  color-blind  ;  at  least  there  is  no  case  on  record  where  the  one  eye  was 
red-blind  and  the  other  green-blind. 

Blue  or  yellow-blue  blindness  has  thus  far  not  been  shown  to  be  hered- 
itary, but,  as  Greissler  ^  remarks,  "  as  this  kind  of  anomaly  is  not  found  out 
so  easily,  and  as,  besides,  only  a  few  well-authenticated  cases  are  known,  the 
factor  of  heredity  cannot  be  excluded.'^  Uniocular  blue-blindness  was 
found  three  times  by  Holmgren.  This  anomaly  also  occurs  exclusively 
among  men. 

Here  the  fact  may  be  mentioned  that  Darwin,  Preyer,  Jeffries,  and 
Thomson  found  among  their  color-blind  cases  some  which  showed  a  very 
defective  power  of  distinguishing  different  tones,  but  this  we  must  regard 
perhaps  rather  as  an  accident;  at  least  we  are  not  warranted  as  yet  in 
assuming  causal  connection. 

Acquired  Color-Blindnesa. — There  is  one  great  difference  between  con- 
genital and  acquired  color-blindness.  In  the  congenital  form  the  visual 
acuity  or  form-sense  is  almost  always  normal,  while  in  the  acquired  form  we 
can  almost  always  find  a  loss  of  form-sense :  so  that  it  may  be  stated  that 
a  man  who  once  had  normal  color-sense  cannot  lose  it  without  sooner  or 
later  losing  more  or  less  of  his  form-sense.  We  shall  see  later  that  there 
are  a  few  exceptions  to  this  rule,  but  they  seem  all  to  depend  on  some  trouble 
in  the  cerebral  centres  for  color-perception.  As  in  acquired  color-blindness 
the  loss  of  color-sense  may  be  confined  either  to  the  central  parts  of  the 
retina,  as  in  central  color-scotoma,  or  to  periplieral  parts  of  tlie  visual 
field,  it  is  clear  that  testing  by  colored  worsteds,  as  in  Holmgren's  method, 

^  Vortrage  aus  dem  Gesammtgebiet  der  Augenheilkunde,  4.  Heft,  1879. 
>  Annales  d'Oculistique,  t  i.  p.  417,  1838. 
•  Loc.  dt,  p.  88. 
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will  not  suffice,  sluce  the  color  of  such  large  objects  may  still  be  recognized 
by  eertain  healthy  aroai*  of  the  retina.  Other  tests  have  to  be  used,  which 
will  be  mentioned  hereafter*  Ac*|nired  color-blindne'jsss  is  frequently  found 
in  disefl&ei^  of  the  optic  nerve.  In  tvpical  eases  of  atrophy  the  following 
cbaiiges  are  obsc^i  val  with  reganl  to  col«>r-]>erci^ption.  First  the  perception 
of  green  is  disturbed,  it  appearing  yellowish,  later  grayish,  whilst  all  the 
other  cohirH  are  well  recognized  ;  soon,  however,  the  nxl  alsn  isstvn  grayish, 
80  that  in  orange  only  the  yellow  and  in  purple  only  tlie  lilue  is  jjercoived. 
The  green-blindness  is  therefore  soon  tbllowtd  by  red-blindoess,  and  so  it 
happens  that  red,  green,  and  yelh>w  are  cunfoiindi'd.  Violet  is  considered , 
to  bt*  dark  blue.  Later  yellow  also  is  lost,  and  finally  blue  is  perceived  no 
longer  as  such.  These  changes  occur  fii^t  in  the  periplieral  ]>arts  of  the 
retina,  so  that  the  ai-eaa  in  which  the  respective  coloi-s  sliould  l>e  recognized 
ae*-'ording  to  the  table  given  in  tlie  article  on  Normal  Color-Pcnx-ption  are 
more  and  more  uarrowcd  down,  until  tlie  fuvea  ct^ntralis  begins  also  to  be 
involvctl,  at  first  still  recognizing  the  colors  of  large  objects,  but  later 
losing  even  this  power  and  sc^eing  everything  grayish.  Central  seotoniata 
for  colors  may  occur  alone,  as  in  various  affections  of  the  optic  nerve,  the 
chorioid,  and  the  retina,  but  the  most  frequent  form  is  that  which  occurs 
in  tolmtx'o  amblyopia.  Here  is  obscrvetl  an  oval  art^a,  involving  more  or 
less  tlie  fovea  centralis  and  extending  as  far  as  the  optic  nerve,  in  which 
colors  are  not  rt^cognized.  Such  a  patient  could  do  the  rough  w^ork  of  a 
laborer,  but  would  be  unable  to  follow  the  occupation  of  a  clerk,  as  his 
retluced  visual  acuity  would  not  allow  him  to  see  fine  print  He  could  still 
recognize  the  colors  of  large  objects,  like  skeins  of  wool,  but  would  lie 
unable  to  see  the  color  of  a  distant  signal,  as  the  small  image  of  that  ecjlored 
light  would  fall  only  on  his  color-blind  art^.  Besides  these  chronic  nervous 
diseases,  acute  infectious  diseases,  like  typhoid  and  t\"phus  fever,  malaria, 
erysii:^las,  etc,  may  be  followed  by  defects  in  eolor-perceptioo,  usually 
inducing  these  by  attacking  the  optic  nerve. 

There  are,  Iiowever,  a  few  cases  on  recoi*d  in  which  the  color-sense  is 
suddenly  disturix^l  while  the  visual  acuity  remains  the  same  as  before. 
Here  belongs  a  case  carefully  studied  by  Ste£Fan,' — that  of  a  man  sixty-two 
years  old,  who  after  an  a|iopleetio  attack  suddenly  lost  the  power  of  dis- 
tinguishing colors,  which,  as  a  «> lor- printer,  he  had  formerly  been  able  to 
do  very  well.  His  vision  remained  perfect  otherwise*,  and  bis  color-defect 
in  both  eyes  was  most  pronouuccMi  for  grci^n.  Four  years  later  this  status 
was  tlie  same,  light-sense  and  fundus  oculi  ivmaining  perfectly  normal, 
StefTan  justly  remarks  that  this  case  is  probably  the  first  by  which  a 
sepamtc  fx^ntrc  for  color-vision  is  established,  and  he  explains  this  sudden 
lass  of  colcu'-sensi^  in  both  eyes  by  an  ajKiplcctic  focus  in  the  mwliao  line 
affecting  the  color-centres  in  each  occipital  kibe.  This  case,  then,  is  one  of 
pm/ch{4xtl  coior-b/indnessy  and  falls  into  the  same  category  as  the  case  of 
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iporary  general  psychical  blindness  lately  rei>orted  by  Macewen  and  men- 
tioned by  Keen  in  Ids  artiele  on  Brain  Surgery'  in  Harper^s  Magazine  for 
Augnst,  1893.  Very  important  als<>  are  tliose  cases  in  which  after  con- 
eUi^ioQ  of  the  bruin  the  <:x>lor-sense  IxxMimes  aftVt^l  either  temporarily  or 
permanently,  Wilson,  tor  example,  mentions  the  case  of  a  physician  who, 
after  a  fall  from  his  horse,  was  iniable  to  distinguish  the  different  color- 
shadies  of  flowers,  and  to  whum  the  stalk  and  the  leaves  of  a  rose-bush 
appeared  of  the  same  color  as  tlie  rose.  Other  more  or  less  temporary 
anomalies  of  color-vision,  as  in  hysterical  amblyopia  or  in  hypnotism,  seem 
also  to  depend  on  central  disturbances,  but  will  not  be  further  considered, 
as  they  are  of  no  practical  importance. 

Statmlies  of  Cortf/efiital  Color- IHuidfiem. — We  must  accept  the  earlier 
statistics  alxmt  defective  color-vision  with  great  reserve,  as  they  were  fre- 
quently obtaintxl  by  inaccurate  raetbfids  and  with  an  rmconscious  tendency 
to  error  in  the  direction  of  excess.  The  following  table  gives  the  result  of 
tmst^vortliy  observers,  who  worked  with  numljers  large  enough  to  exclude 
accidental  circumstances. 


Obfenrer. 

Exunlned, 
M&lea.       1 

Color* 
Blind. 

Per 
Cent 

Examfned, 
Fem&tea. 

Color- 
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Cent 

Holmgren  *   .   .              

32,165 
19,188 

14,846 

4,0(K) 

fiOO 
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802 
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19 
41 

3.16 
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4.16 
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14,764 
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11 
2 
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JeffriM* 

0.073 

Cotnmittee  of  the  Ophthalmological 

Soeiety  of  En^^land " 

Fontprmv  in  Denmark' 

Dr.  Atlele  Field  in  China*        .    .    , 
la  two  Japanese  regiments' ,    ,    .    , 

0.4 

0.17 

ToUl 

71,994 

2,653 

8.69 

16,858 

14 

o.oes 
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This  table  points  cleiirly  to  the  prevalence  of  color-blindness  among  the 
male  population,  and  al84j  to  its  equal  occurrence  in  different  nationalities. 
Among  ten  thousand  racn  there  are  about  three  hundred  and  sixty-nine  who 
are  more  or  less  color-blind,  while  among  ten  thonsand  women  only  alxjut 
nine  are  found  ro  Ije  defective  in  color-perception.  With  regard  to  the  cause 
of  the  rare  *X!currence  of  color-blindness  among  the  female  sex,  one  might 
think  of  the  early  etlucation  of  the  female  mind  for  color.  But  although 
this  fact  may  account  to  some  extent  for  its  rarity,  and  certainly  does  for 
the  alisence  of  color-ignorance,  it  cannot  be  considei'ed  a  sufficient  cause,  as 
we  have  too  many  examples  of  highly  ediit^tcd  men,  like  Dr.  E,  BriKlhun 
or  Dr.  Hochecker,  who  hav^e  given  mucli  attention  to  their  color-perception 
and  undnul>tedly  developed  it  to  the  liigliest  degree  possible  for  them,  but 
who  by  no  amount  of  color-education  can  Ix*  made  to  distinguish  between 


*  Dr.  F.  H.  BickertonT  in  Keport  of  the  Commiiiee,  p.  319. 
»  Keport  of  the  Committee,  p.  2?)0. 

*  Geisalor,  Die  Farbenhlindh^it,  B.  97, 
^  Medical  and  Surgical  Heporterf  June  1,  1889,  p.  651. 
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certain  ocilors.  It  seems  to  l>e  more  proljaUle  that  the  highly  devehiiK'fl 
color-sejasitive  retina  and  hmin  of  women  belong  to  the  develo|)nient  of 
their  sex,  like  the  highly  develojied  mammary  gland.  Slowly  indeeci  this 
fine  feminine  a)lor-sense  has  l)een  developcHl  for  tlmui^jinds  of  years  by  the 
need^,  wants,  and  |ileasures  of  the  feminine  life,  bnt  now  they  are  endowed 
with  this  result  of  lotig  development  at  birth  liy  the  very  nature  of  their 
flex. 

S4'at  of  Color- Bli ml nem,' — As  onr  eomnlete  nervous  apparatus  fir  the 
jiei\*eption  of  coKir  eonsists  essentially  of  three  parts, — the  refina  with  the 
chromo-sensitive  end-organs,  tlie  comhwUng  fibres,  and  the  cerebral  caitreSf 
in  tfie  latter  term  inehiding  those  of  the  liigher  and  lower  oixlei's, — it  ts 
evident  that  the  eause  of  eolor-bliiidness  might  lie  in  either  of  these  three 
organs.  The  quci^tion  now  arises,  Where  must  we  locate  the  defect  in  the 
dtflferent  forms  of  eoh*r-blindnes.s?  With  regard  to  congenital  color-blind- 
ness, there  s<^^ms  to  W  no  doubt  tliat  ttie  fault  is  in  the  photo-eliemical  sub- 
stances in  the  retina,  or  that  at  any  rate  the  defwt  lies  in  front  of  the  ehiasm, 
as  there  are  undt^ubtc^l  cases  of  nnioeular  color-blindness.  Reduced  color- 
seme  must  probably  be  also  attributed  to  abnormal  conditions  of  tlie  plioto- 
chemical  substanees,  wliile  coior-i(/uoranee  of  c*ourse  has  its  cause  in  nn- 
edueateil  or  undcvelyj>ed  centres.  With  reference,  however,  to  acquired 
c<ilor- blindness,  we  find  that  any  or  all  of  three  factors  may  be  at  fault.  A 
lesion  in  the  retina,  a  defect  of  eondneting  power  in  the  optic  fibres,  or  a 
patliological  change  in  the  cerebral  centres  for  color-vision  may  explain  a 
special  case.  But  it  is  a  strjinge  fact,  aeconling  to  LelxT,*  that  in  diseases 
of  tlie  retina  colter- blindness  sets  in  only  when  the  pathological  process  has 
gone  on  to  sc»condary  atrophy  of  the  inner  retinal  layer  (the  layer  of  nerve- 
fibre)  and  of  tiie  papilla  nervi  optici*  Stilling  found  the  color-sense  intact 
in  ehoriu-retinitis,  glaucoma,  retinitis  alljimiinnriea  and  apoplectica,  and 
hemorrhage  into  the  macula  Intea  in  chorioiditis*  This  fact,  that  retinal 
or  chorio- retinal  diseases  piwluce  reduced  vision  without  color- blindness, 
whilst  diseases  of  the  optic  nerve  produce  retlucetl  sight  with  nioi'e  or  less 
color-blindness,  seems  to  indicate  that  the  phott»-chemi(^l  substanecs  luive  a 
greater  jiowcrtjf  resistance  to  pathological  influences  than  tlie  axis-eylinders, 
and  that  the  former  l>ec<:>me  much  affected  only  when  the  latter  Ix-giu  to  he 
disease*!.  It  sc^tus,  then,  that  aof^uireil  color-blindness  is  moiv  apt  to  be 
due  to  lesion  of  the  optic  nerve  or  of  the  cerebral  centres.  If  due  to  lesion 
of  the  eonductiug  fibres,  it  is  plain  that  form* vision  must  lie  disturlx^d  alsii, 
OS  is  the  eas*^  in  atrophy  of  the  optic  nerve,  etc.  But  if  the  lesion  (con- 
euj^wion,  bloml-(*lots,  tumor,  ete.)  is  in  the  cerebral  centres,  esi>ecially  of  the 
cKvipital  lobes,  then  with  tlie  color-sense  the  form-sense  may  or  may  not  be 
niTei^tinl,  acconliug  as  the  morbifl  jrrocess  extends  to  one  or  both  centres,  as 
Steffiin's  case  alxive  mentioned  demonstrates. 

Dangers  of  Color-Blindnr^. — We  have  already  spoken  of  the  mistakes 
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that  wlor-bJiiitl  (wxjple  are  apt  to  make  ;  but,  as  most  color- Ijlincl  men  are 
either  re<:l-bliiKl  or  gi-een-hrmd,  and  as,  furtlier,  white,  rinl,  mid  green  are 
the  a>lors  of  the  signals  useil,  we  give  here  a  little  table,  mmlifit^d  from  the 
lleport  of  the  Comuiittee,  p.  291,  which  shows  at  a  glauee  the  most  fi'equent 
mistakes  witli  regard  to  these  :^ignals. 


Color  of  SlffDal. 


Gf«en :  the  dorrijnant  color  of  eignal  being  equal 
to  green  of  s^pectnim  well  to  the  red  aide  of  the 
Tieutrai  Wnd. 

Green  t   the  dominant  cr^lnr  of  t^iirniil  hemg  eqiinl 
\  green  of  spec tm in  sil  iho  neutral  band  of  the 
en-blind. 

Green  :  the  dominant  color  of  signal  beintf  equal 
to  green  of  spectrum  at  the  neutral  bundl  of  the 
red- blind. 

Green:  the  dominant  c^jlor  of  signal  being  equal 
to  green  of  Fp^n^trura  well  to  the  blue  side  of  the 
neutral  bund. 

White. 


To  0.  Red-Blind 
PensoD  iippeara 


Green  or  yellow. 


To  a  Oreen-Blhid 
Person  appean 


Red  or  j  el  low. 


Grayieh  green  or    Grayish     red   or 
gruyiah  yellow.       grayish  yellow. 


Whitbh  green  or 
whitish  yellow,' 


Whitish. 


Whitish  blue. 


White. 


Whitiih. 


Whitish  blue.' 


Grayish  blue. 


White. 


From  this  table  it  is  elear  how  dangerous  to  the  travelling  public  a  red- 
blind  or  grtK'o-blind  man  would  be,  as  he  might  mistake  a  red  signal  for  a 
green  one,  or  a  green  signal  for  a  white  one,  or  vice  vtrsfL  It  is  true  that 
in  a  testing-r(x^ra  a  color- bliod  might  re*jognize  the  colors  by  their  relative 
brightness  and  dibit  Loo  with  white,  for  which  these  color-blind  have  indeed 
a  Yi'^ry  fine  [HAver  of  distiai-tion.  For,  as  the  tiible  shows,  the  retl  and 
different  green  signals  look  different,  for  example,  to  a  red-blind  man,  and 
this  power  of  distinction  l>v  their  relative  luminosity  has  been  confirmed 
by  the  Committee,  and  has  Ijecii  observed  Infpiently  by  the  writer^  who 
found  that  men  who  could  not  pass  Holmgren's  test  nevertheless  differ- 
entiated more  or  less  correctly  the  colors  of  the  lanterns  in  the  office  if  the 
light  was  not  diminished  at  the  sjime  time  by  some  means  or  other. 

It  might  l>e  supposed  that  if  the  colors  of  the  signals  could  be  rightly 
given  in  the  testing- room  they  would  l>e  equally  well  recognized  elsewhere. 
But  it  must  not  he  forgotten  that  the  atmospheric  conditions  of  the  testing- 
room  are  often  very  ditfereut  from  those  existing  outside.     For  the  color- 

^  The  table  of  the  Comnnittee  says  green,  l>ut  it  ia  eleur  from  the  former  exposition 
that  the  red  blind  rnay  think  tho  rod  gRMi'U  or  yellow^  aciconjini*  to  i'ireumatanee«, 

*  Here  the  table  of  the  Committee  give*  a  grayi?ih  blue,  which  is  seemingly  not  correct, 
tta  the  jfTPen  of  that  position  in  the  speclruni  lies  in  the  red-blind  towards  the  red  side  of 
the  neutral  band,  as  their  own  colored  t^ible  showi*. 

•  Here  the  Committee's  table  gives  a  gmyiah  red,  which  cannot  be  correct,  as  the 
green  of  that  tpectral  ptisiticm  lie*  beyond  the  neutral  band  of  the  green-blind  towards  the 
blue. 
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blind  depends  in  his  judgment  mostly  on  tlie  brightness  of  the  colo:»r-5i 
which  factor  is  frcMjiiently  changed  by  a  misty  atmo*=ip here  or  by  dirt  oa  tfaK. 
cloth  or  the  glasd,  and  under  mieli  conditions  he  may  easily  confound  tim- 
white  signal  of  safety  with  the  green  one  of  eantion  or  even  with  the 
one  of  danger,  so  tliat  it  must  be  evident  that  amf  judgment  of  tJie  cohr  <y 
a  signal  which  dependa  upon  Us  brightness  woidd  be  fallacioiis.  In  this  coim  — 
nection  it  may  l>e  inteix'sting  to  mention  the  cuse  of  a  retl-blind  man  wlic:^ 
was  accustomed  to  take  his  stanthird  from  a  star  and  decide  upon  Iri^ 
signal  lights  by  comparison. 

Change  of  the  Cohrs  cjf  Signals. — One  might  ai^ue  that  the  colore 
of  signals  should  be  changed,  as  a  greenish  color  well  towards  the  bla^ 
would  make  it  easier  for  the  color-blind  to  tell  it  from  rt-d ;  but  even  then 
mistakes  would  occur,  especially  io  certain  conditions  of  foggy  weal  her,  when 
the  bluish-green  light  in  its  passage  through  the  mists  is  deprived  of  the 
blue  rays  in  greater  proijortion  than  of  the  green  ones/  so  that  then  the 
same  mistakes  would  happen  as  with  the  light  that  was  green  from  the 
start.  Blue  might  still  more  easily  overcome  the  difficulty  of  the  color- 
blind ;  but  that  cannot  be  done  for  practical  purposes.  For  a  blue  glass  as 
commonly  met  with,  which  means  one  that  transmits  many  red  mys  liesid^ 
the  blue  ones,  allows  four  per  cent,  of  the  naked  light  iK'liind  it  to  pass 
through  it,  while  by  a  glass  of  fairly  pui-e  blue  the  luminosity  would  be 
reduced  to  alx>ut  two  per  cent.  This  luuiinosity  in  foggy  weather  would 
be  reduced  to  nothing,  a  great  danger  iu  our  times  of  high  sptn^d  by  laud 
and  water,  where  it  is  necessary  to  recognize  the  color  of  the  light  a  few 
thousand  fet*t  away.  A  ifelhw  signal  would  Ijc  luminous  enough,  but  under 
certain  circumstances  would  appear  too  much  like  M'hitc.  Hence  no  good 
substitute  am  be  found  for  the  green,  which  transmits  from  ten  to  twenty 
per  cent,  of  the  luminosity  of  the  light  behind  it,  whilst  the  red  glass  also 
allows  aljout  ten  per  cent,  of  the  light  behind  it  to  ]>ass  through*  Redf 
green ^  and  white ^  then,  seem  to  be  the  best  signal  colors  for  practical  pur- 
poses, and  cannot  be  replaced  by  others,  where  three  signals  must  be  used  ; 
so  that  as  the  colom  cannot  1:jc  adapted  to  the  color-blind,  these  latter  ought 
not  to  lie  admitted  to  positions  where  quick  and  accurate  distinction  between 
red,  green,  and  white  is  an  al^solute  necessity.^  H 

Aeeidents  Dm  to  Ch!or'Biindnem,—W ihon  was  the  first  who  laid  stress 
ujKjn  the  practical  importance  of  the  subject ;   but  his  warning  was  un^^ 
heeded.     Nolxxly  believed  that  accidents  could  be  due  to  color-blindneafl 
until  it  hapi>ened  on  the  night  of  NovcmlxT  15»  1875,  near  Lagerluuda  in 
Sweden,  that  two  express-trains  ran  into  each  other,  whereby  many  j^»ersons 


»  Report  of  the  Ci»mmillee,  p.  305, 

'  It  maybe  ititerestiiifij  in  this  connection  to  remark  that  Cohu  fAn^liiv  fur  Augen- 
beilkunde,  Bd,  viii.  a  and  4;  Bd.  ix.  1,  1878)  found  that  in  electric  li|yrht  the  color  of  the 
same  object  could  be  recogniacd  froni  two  to  four  timea  bs  fjir  with  red  and  from  on©  And 
a  half  to  two  and  a  half  times  ai  far  with  green  us  wa*  the  case  in  daylis^hi,  a  fact  that  may 
perhaps  be  made  practical  ua&  of  in  the  near  future* 
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ujurcd    aad  one  passenger  and  eight  employe^es  of  the  road  were 
instantly  killed.     At  the  inquest  facts  were  developed  which  led  Holmgren 
Bo  believe  that  this  accident  was  caused   by  color-blindness.     From  that 
time  Holmgren  worked  witli   indefatigal>le  energy  in  this  matter,  and  &o 
successfully  that  siuce  the  beginning  of  1877  only  men  with  uonnal  color- 
risioD  are  employed  in  the  railroad  service  of  Sweden.     But  this  is  by  no 
[leans  s<:>  at  present   in  all  other  eountrie^.     Even  in  Euroj>ts  where  the 
[iveromeot  has  more  power  in  such  matters  than  here,  the  I'egulations  are 
•  yet  by  do  means  [perfect  ^  and  efficient,  except  in  Holland,  whei^  the 
irrangements  leave  nothing  to  Ik*  desired.     In  Italy,  where  tlie  railways 
&long  to  the  state  but  are  worked  by  private  a:imj>auies,  there  is  no  special 
law  for  the  examination  of  railway  servants  as  to  their  color-sen:^,  but  the 
^employees  are  tested  by  Holmgreu  s  method  and  as  a  means  of  control  by 
Stilling*s  or  Pfluger's  tables.     In  France  there  are  state  and  private  rail- 
roads.    There  exists  no  uniform  law  about  examination  for  color-sense,  but 
Iolmgren*8  wools  are  usual  1}'  employed.     In  Germany,  where  nearly  all 
be  roads  belong  to  the  govcrnnient,  the  examination  ibr  color-sense  is  pre- 
[•rilK^d  by  law,  but  the  methods  ditler  in  the  ditlerent  states.     In  Austria,  at 
[least  in  the  state  milroads,  the  eolor-sense  is  looked  into,  and  tiie  examina- 
tion is  similar  to  Holmgren's.     In  England   up  to  the  present  time  there 
'have  been  no  government  regulations  issued  to  enforce  an  examination  for 
color-blindness.     Each  company  adopts  i>r  neglects  precautions  as  it  pleases, 
^«.nd  the  tc^sts  employed  are  genendly  inefficient     In  tlie  Unitetl  States  of 
*  America  only  thrt*  States,  Ohio,  Massacliusi^'tts  (1881),  and  Alabama  (1887), 
have  glassed  laws  ;  but  tliey  are  satisfactorily  t-arried  out  only  in  the  State  of 
■Alabama*     There  are,  indeed,  in  other  States  of  this  eountrj^,  for  example, 
in  Pennsylvania,  private  companies  that   for  their  own  satisfaction  hav^e 
institutt^l  a  color-cxatni nation,  but  the  great  majority  of  them  seem  still  to 
■think  like  a  certain  railroad  company  in  Georgia,  which,  on  an  infjuiry  as  to 
their  examination  for  ci^tlor-seiise^  report etl  in   1893,  **  The  State  laws  of 
Georgia  do  not  require  the  railroad  companies  to  examine  their  employees 
■as  to  color-blindness  ;  hence  we  do  not  recpiire  it  of  them/* 
I        And  yet  there  am  be  no  donbt  that  every  color-blind  person  who  is 
^  employed  on  a  ship  or  a  railway  must  in  certain  positions  be  a  sourw  of 
flanger  to  the  public.     To  get  a  better  itlea  of  the  danger  to  which  the  public 

I  is  exposed  in  this  respect,  the  reader  must  be  remindtnl  that  in  the  year  1892 
there  were  employed  by  the  different  railroad  companies  of  the  United  States 
Bo  fewer  than  821,415  men,  %vhi]e  the  number  of  miles  eoven^l  amounted 
to  171.563*52.  Taking  3.69  as  the  [Mjrcentage  of  color-blindness  among 
men,  we  should  get  the  enornious  ninnl)er  of  30,310  ador-blind  men. 
Though  of  course  not  all  of  tht"se  have  to  do  with  the  recognition  of  colored 
5,  and  though  many  thousand  miles  have  been  protected  by  a  test  for 


^  Report  of  the  Council  of  the  British  Medical  Associution  on  the  Efficient  Control 
Bftilwtty  Servants'  Eye^igbt,  Miirch,  1892. 
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color- vision,  nevertheless  there  miint  be  still  thousands  of  color-blind  rail- 
road employees  who  are  a  seriuus  danger  to  ihe  pnblie.  That  many  acci- 
dents have  lx*en  caused  by  their  mistakes  seems  verj^  pmhahle,  though  it 
nmst  be  admitted  tliat  it  would  l>e  more  difiieult  to  ascTibe  them  couclosively 
to  (leieetive  color-vision  than  it  was  iu  the  loss  of  the  Isaac  Bell,  in  187r5, 
reported  in  the  Animal  Report  of  the  Suijervisiiig  Iiis|)ec*tor-General  of 
Steamboats  to  the  Secretary  of  the  Trea^^fury,  Washiogton,  1880.  It  read 
as  follows  :  **  On  the  night  of  the  5tb  of  July^  1875,  tliere  was  a  collision 
near  Norfolk,  Virginia,  l>etween  the  steani-tng  Luraberman  and  the  steam- 
ship Isaac  Bell,  the  former  vessel  Iwund  to,  and  tiie  latter  from,  Norfolk, 
The  accident  occurred  ahfiut  nine  p.m.  on  an  ordinary  cleiir  night,  under 
circumstances  which  until  recently  seemed  more  or  less  mysterious.  The 
master  of  the  steamer  and  all  his  officei's  made  oath  that  at  the  time  signals 
wer^  made  to  the  tog  the  latter  was  from  one  to  two  jjoints  on  the  steamer's 
starhuai'd  bow,  and  ixmsec|uently  the  steamer's  green  liglit  only  was  visible 
to  the  approaching  tug.  Yet  the  master  of  the  tug,  whose  statement  was 
unsupjMjrted  Ijy  any  other  testimony,  asserted  that  the  st(:^mer's  red  light 
was  exhibited,  and  signalletl  acx-ordingly.  The discrepaucy  in  the  statement 
was  so  great  that  many  persons  uncharitably  charged  the  master  of  the  tug 
with  being  intoxicated,  although  no  evidence  was  offered  in  supj>ort  of  the 
charge.  By  tliis  aecidcut  ten  persons  lost  their  lives.  Upon  a  visual  ex- 
amination of  this  offitxT  under  the  rules  during  the  past  summer,  and  during 
which  time  there  had  been  no  (piestton  as  to  sight  by  the  Sergeant  of  the 
Marine  Hospital  at  Norfolk,  he  w^as  foimd  to  be*  ctjlor-blind,  two  examina- 
tions  having  been  accorded  him^  with  an  interval  of  ten  days  between 
them.**  Two  more  cases  are  given  in  the  evidence  of  Dr.  T.  H.  Bickerton 
lx»forc  the  Committee  on  Color-Vision.  Tliere  can  be,  then,  no  longer  any 
douht  that  the  color-blind  must  be  excluded  from  such  positions,  as  their 
defect  is  incurable  and  the  colors  of  the  signals  cannot  be  changed.  The 
only  question  now  iSy  How  can  they  be  quickly  detected  ?  What  test  shall 
be  employed  ? 

Tesis  for  Color-Blindness. — More  than  forty  different  methods  are  in 
existence  for  testing  color- vision,  to  describe  wiiich  fully  would  be  impo#-^H| 
si  hie  in  the  space  allotted  to  this  article,  so  that  only  the  most  imi>ortant^^ 
ones  will  be  mentioned  here.  First,  however,  it  must  be  remarked  that,  no 
matter  what  test  is  employed,  but  one  eye  at  a  time  should  be  examined, 
because  even  if  only  one  eye  is  defective  the  person  should  be  rejected,  as 
ivom  dusti  foreign  bodies  on  the  cornea,  or  otlier  causes  in  the  normal  eye 
he  may  be  obliged  to  close  it  at  the  very  moment  when  the  recognition  of 
the  color  is  necessary. 

Naming  of  Colors, — This  test  is  a  bad  one,  and  by  no  means  conclusive, 
ns  on  the  one  hand  the  congenital  eolor-blind  may  be  able  to  name  the  colors 
until  in  tiie  examination,  having  taught  himself  to  give  the  usual  names  to 
tlie  different  shades,  as  was  before  nientionetl,  es|wcially  in  the  case  of  Pole, 
find  as  on  the  other  hand  many  a  normal-eyed  person  may  not  succeed  in  giving 
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the  proper  names  to  puzzling  tints  tVoni  slieer  ei>nfusion  or  ignorance.  This 
test,  though  still  iiseil, — for  example,  by  the  Bijiinl  of  Tmcle  in  Lomlon  at 
least  up  to  1892, — is  of  no  value  for  the  detection  of  coiigenitid  eolor- 
blindness,  though  it  is  of  u^e  in  aeqnirol  color-blindness,  where  tlie  jiatient 
formerly  had  the  full  kuowlalge  of  culurs,  and  whei'e  this  methml  must  be 
employed  not  only  for  dii-ect  vision,  but  also  to  obtain  the  field  of  vision 
for  the  diHerent  eoloi^.  As  a  test  for  eoior-ufnontnee^  fuilher,  it  is  very 
good,  especially  if  the  puzzling  shades  are  avoidecl.  Such  a  test  to  exclude 
color- ignorance  is  neceasarVt  esj>eeially  in  navigation,  where  it  is  often  requi- 
site that  the  lookout-man  should  without  a  mtrmeut's  delay  pass  to  the 
officer  in  charge  the  name  of  the  color  of  a  light ;  becsiuse  hesitation,  whether 
eauseil  by  real  color- ignomuee  or  by  want  of  knowledge  of  tiie  proj>er  word 
(from  being  a  foreigner)^  might  involve  serious  disaster.  Such  color- igno- 
rant people  ought  hi  lie  exekidal  until  they  have  so  pt^rfecttHl  their  ethicii- 
tion  that  they  can  name  the  imjwrtant  eoloi'S  without  liesitation. 

Matching  of  CotorR, — All  the  other  tests  to  be  named  now  de|)end  upon 
the  principle  of  matcliiug  a  given  color  with  another  one  to  l>e  selec-ted  from 
a  greater  nnuil>er  by  the  person  examined.  Here  the  naming  is  avoided, 
and  tlie  examiner  can  draw  conclusions  about  the  color-sense  of  the  examinee 
by  the  colors  taken  to  matcli  the  first.  Most  of  these  tests  use  colored  pig- 
ments in  reflected  or  transmitted  light,  some  use  spec^tral  colors,  and  some 

khe  subjective  colors  of  suc^^essive  or  simnltanetHis  contrast. 

Wool  Ti'd  of  Hobmjren. — This  methotl  has  Ijcen  recommended  by  the 
Committee  on  Color- Vision  as^  in  their  opinion^  the  **  simplest  efficient  test*' 
This  test,  or  a  mcMlifiaition  of  it,  is  certainly  more  nsetl  than  any  other. 
One  innx>rtant  jKiint,  however,  must  be  statetl  here.  A  color,  as  explained 
in  the  articlcnm  Col  or- Perception,  has  three  constants,  which  together  deter- 
mine it  unambignonsly  :  1,  hue  ;  2,  pur  if  if,  tini,  or  ftaitiniHon  ;  and,  »i,  brif/ht^ 

[nesH  or  sh/ide ;  and  matching  it  exactly  with  another  color  would  for  a  normal 
eye  rapiire  tliis  latter  to  have  thest^  three  constants  also  the  same.  Xow, 
the  color-ljiud  jx^rson  mistjikes  the  hues^  but  still  hwiks  for  the  mm^  puniy 
and  brightness  as  in  the  test-skein*  This  would  recpiire,  however,  an  im- 
mense number  of  wools,  In  onler  that  the  cun founded  liues  sliould  Ijc  present 
in  the  proper  admixture  with  white  and  the  corn^s ponding  brightness  to  be 
of  perietl  equality  for  the  cxdor-blind  eye.  Equality,  therefore,  being  im- 
possible, siniiiarity  only  can  be  insisted  upon*  **  As  hmg,  tiowever,  as  there 
18  only  similarity,  it  is  very  difficult  to  agree  whether  the  difference  is  one 
of  hue,  or  of  saturation  or  brightness,"  *  This  must  be  conceded ;  but 
though  a  perfect  ftcientife  diagnosis  cannot  be  obtained  in  that  way,  but  by 
other  methmls  to  lie  given  later,  for  practical  pnrpiises  this  metlmd  is  |>er- 
fectly  sntBcient,  as  it  certainly  sliows  tiiat  tlie  (xilor^-blind  perstm  cunfuunds 
cx>Iors  in  a  way  that  would  render  his  employment  in  certain  oc^cupations  a 
danger  to  the  public.     Besides,  this  method  is  even  more  convincing,  as  it 
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is  with  pigment  colom  tliat  he  has  to  do  in  his  signals.  Holmgren  fr&- 
queiitly  calls  attentian  to  thu  point  that  to  get  reacmbffince  in  color  must  be 
the  main  endeavor  of  the  examinee,  and  that  he  mu^t  pick  out  all  those 
wools  that  are  somewhat  lighter  nv  darker,  but  of  the  same  color,  etc. 

One  other  jxiint  mti^t  he  mentiimed  here.     There  can  be  no  doubt  that 
the  wools  are  apt  to  deteriorate  with  use,  not  only  by  the  constant  handling, 
but  also  to  some  extent  by  the  light.     They  must,  therefore,  be  renewed 
from  time  to  time.     But  special  care  must  be  taken  to  have  the  test-skeioa 
always  of  the  proper  character  as  to  hue,  purity,  and  brightness.    The 
Committee  i-ecommends  tliat  sealed  patterns  of  all  three  te^t-colors  should 
be  kept  by  some  c<:*utral  authority,  and  that  every  set  of  test-wools  should  — 
be  officially  i>assed  as  fulfilling  the  necessar}^  conditions  as  to  these  three  f 
staudaitl  colors,  and  also  as  to  the  sufficiency  and  variety  of  confusion-colon. 
Captain  Abney  has  referred  the  stantlanl  test-colors  as  approved  by  Holm- 
gren to  the  six*<L*truni,  as  follows :  **  The  fii'st  standard  is  a  light-green  color, 
which  can  be  matched  with  a  gi'cen  in  the  spectrum  (^=:  566  fifi)  whenfor^™ 
per  cent,  of  wh  ite  is  added.    The  second  standa  i\l  skei n  is  light  purple  or  piak, 
and  its  complementary  color  is  a  green  in  the  spectrnm  of  ^  ^=  510  r^.     The 
color  is  diluted  with  about  forty  per  cent,  of  white.     The  third  test-sL 
has  a  color  corresponding  with  a  red  of  the  spet^tnim  (^  =  633  mm)  diluted 
with  eighteen  per  cent,  of  white."     Thus  the  three  standaitl  testHX)lor8 
fixed  once  for  all,  and  can  always  be  Ibnnd  again  when  by  an  accident 
etiiudard  sealed  pattern  skeins  shall  have  been  lost     We  will  give  now 
Holmgren's  method  of  examination  and  diagnosis  in  his  own  words. 
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"METHODS   OF   EXAMINATION    AND    DIAGNOSIS, 

"  The  Berlin  wools  are  placed  in  a  heap  on  a  large  table,  covered  by  i 
white  cloth,  and  in  broad  daylight*  A  skeiti  of  the  test-color  is  taken  from 
the  pile  and  laid  far  enough  away  from  the  others  not  to  be  oonfouuded 
witli  them  during  the  examination.  The  (MTSon  examinefl  is  requested  to 
select  other  skeins  from  the  pile  nearly  r^embliug  it  in  color,  and  to  place 
them  by  the  side  of  the  sample.  At  the  outset  it  is  necessary  that  he  shoal 
thoroughly  understaud  that  he  is  required  to  search  the  heap  for  the  skeins 
which  make  an  impression  on  his  chromatic  sense,  aud  quite  indej>endeDtljr 
of  any  name  he  may  give  the  color  siuiilar  to  tliat  made  by  the  test-skein. 
The  examiner  should  explain  that  i-esemblaurti  in  every  respect  is  not  neces- 
sary ;  that  there  are  no  t^v'o  specimens  exactly  alike ;  that  the  only  question 
is  the  resemblance  of  the  color,  aud  that,  tx)nset[uently,  he  must  endeavor 
find  something  similar  in  shade,  something  lighter  and  darker  of  the  eaiM^ 
color,  etc.  If  the  (ici'son  examined  cannot  succeed  in  understanding  tbisb^ 
a  verbal  explanation,  resort  must  be  liad  to  action.  The  examiner  should 
himself  pick  out  the  skeins,  thereby  showing  iu  a  pi-actical  manner  what  h 
meant  by  a  shade,  and  then  restore  the  whole  to  the  pile,  except  the  sample 
ekein.  As  it  w^onld  reipiire  too  much  time  to  examine  every  individual  m 
^this  way,  it  is  advisable,  when  examining  large  numbers,  to  instruct  them 
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all  at  once,  and  to  ask  them  to  obsei-\^e  attentively  the  examination  of  those 
preceding  them,  so  as  to  become  mure  familiar  themselves  with  the  process. 
Tills  saves  time,  and  tliere  is  no  loss  of  security,  for  no  one  with  a  defective 
chromatic  sense  will  Ix^  able  to  find  the  correct  skeins  in  the  pile  the  more 
easily  from  having  a  moment  Ijeforn  seen  othei-s  looking  for  and  arranging 
them.  He  will  make  the  same  characteristic  mistakes ;  but  the  normal 
observer,  on  the  other  hand,  will  generally  accomplish  his  task  much  l>etter 
and  more  qniekly  after  having  seen  how  it  has  to  be  done. 

*'  The  well-known  coloretl  plate  of  Holmgren  is  for  the  purpose  of 
assisting  the  exannner  '\n  tlie  choice*  of  his  cx)lors,  and  to  help  him  to  decide 
the  character  of  the  color-bliudncss  from  the  mistakes  made.  The  colors 
in  the  plates  are  of  tw  o  characters ; 

**  1.  The  colors  for  samples  (test-colors) ;  that  is,  those  which  the  ex- 
aminer presents  to  the  persons  examinrtl  ;  and, 

**  2»  The  *  confusion-cok»rs ;'  that  is  to  say,  those  which  the  color-blind 
will  select  as  matches  with  the  sample, 

"  Tlie  first  are  sliown  on  the  plate  as  horizontal  hands,  and  are  dis- 
tinguished by  Roman  numerals;  the  second  are  shown  as  vertical  tiande, 
under  the  test-colors,  and  are  distinguished  by  Arabic  figures, 

**  The  colored  table  is  not  iatended  to  be  used  as  a  test ;  it  is  simply  to 
assist  the  examiner  in  his  choice  of  correct  test-colors,  and  to  help  him  to 
diagnose  the  special  form  of  color-blindness, 

"As  to  the  similarity  betwet^n  the  coofusion*colors  of  the  phit^  and  the 
wools  which  the  t»olor- blind  take  from  the  heap,  reliance  must  l>e  |>la<^ied 
simply  on  the  hue,  and  not  on  their  brightness  or  degree  of  *x>lor  saturation. 
m  In  all  cases  where  w^e  have  to  vary  from  this  rule  we  must  hold  to  the 
relative  rat  lier  tlian  tlie  absolute  saturation.  The  CT)n  fusion -colors  shown 
in  tlie  phite  are  onlv  to  ilhistrate  the  niistakt^  which  the  color-blind  Will 
make^  and  for  this  purjwse  they  serve  perfectly.  Having  made  this  ex- 
planation, we  can  piss  dirw^tly  to  the  test  its*'lf.  The  following  are  tlie 
f  directions  for  c-ouducting  it,  and  for  making  a  diagnosis  from  the  results  : 
**  Ted  L — The  green  test-skein  is  presented.  This  sample  should  be 
Ae  palest  sha<le  (the  lightest)  of  very  pure  green,  which  is  neither  a  yellow- 
green  nor  a  blue-green  to  the  normal  eye,  but  fairly  iuternicMltate  between 
the  two,  or  at  least  not  verging  upon  yellowish  green. 
*^  Rule, — The  examination  must  continue  until  the  examinee  has  placed 
near  tlie  test-skein  all  the  other  skeins  of  the  same  color,  or  else,  w^itli  these 
or  separately,  one  or  more  skeins  of  the  class  of  *  contusion-colors'  (l-«^)i  or 

■  until  he  has  sufficiently  proved  by  his  manner  that  he  am  easily  and  un- 
erringly distinguish  the  infusion  of  colors,  or  gives  unmistakable  proof  of 
a  difficulty  in  accomplishiug  it. 

■  '*  Diagnom^. — ^An  examinee  who  places  w^ith  the  test-skein  ^confusion- 
colors'  (1-5) — that  is  to  say,  finds  that  it  resembles  the  *  test-color' ^ — is  color- 
blind, whilst  if  he  evinces  a  manifest  '^         ition  to  do  so,  though  he  does 

t  aljsolutely  do  so,  he  has  a  feel 
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'^  RemarL — We  might  have  taken  more  than  tive  colors  for  *oonfusitm  ;' 
but  we  must  rememl>er  that  ^ve  are  not  taking  into  consideratiijn  every  kind 
of  defect ive  color-sense,  l)nt  only  those  which  are  important  in  **onnection 
with  mihvays, 

"  As  to  No.  1,  wiiich  represents  a  gray,  we  would  remark  that  too  much 
6tre&*^  must  not  Jx?  kitl  on  its  luminosity,  or  any  slight  difference  in  its  hue 
from  the  gray  skeins  whieli  the  examinee  puts  with  the  sanipk*. 

*'  If  it  is  only  re<|uirtH!  to  deterniiue  whether  a  i>erson  is  ct>lar-hlind  or 
not,  no  fuither  test  is  nei'c^sary  ;  l^iit  if  we  want  to  know  the  kind  and 
degree  of  his  eolor- blindness,  then  we  must  proceed  witli  the  next  tfc«?t. 

"  Tmt  11, — A  purple  skein  is  shown  to  theexamimH\  The  color  should 
be  midway  between  the  ligiitest  and  darkest.  It  will  only  a]>proach  that 
given  ill  //  of  Plate  II.,  as  the  color  of  the  wool  is  much  more  brilliant  and 
satnnited,  and  bluer. 

*^  Hidi\ — The  trial  must  be  continued  until  the  examinee  has  placed  all 
or  the  greater  part  of  the  skeins  of  the  same  shade  near  the  sample,  or  else, 
simultaneously  or  separately,  one  or  more  skeins  of  the  *  confusion-colors* 
(6-S)).  It'  he  ctmfuscs  the  colons  he  will  select  either  the  light  or  deei>  shades 
of  blue  and  violet,  especially  the  deej>  (6  and  7),  or  the  light  or  deep  shades 
of  one  kind  of  green  or  gray  inclining  to  blue  (8  and  9). 

^^  Diugnmiii. — L  A  person  who  is  proven  color-blind  by  the  fii'st  test, 
and  who  in  the  second  test  selects  only  purple  skeins,  is  incompletely  color- 
blind. 

**  2.  If  in  the  second  test  he  selecti^  with  the  ]>urple9  blue  and  violet,  or 
one  of  them,  he  is  rampletely  retb blind, 

**  3.  If  in  the  second  test  he  selects  with  purple  only  green  and  gray,  or 
one  of  them,  he  is  conij)letely  green-blind. 

**  Remark, — The  reib blind  never  selects  tlie  colors  taken  by  the  green- 
blind,  and  ncf  vtr&a.  The  green-blind  will  often  place  a  violet  or  blue 
skein  by  the  side  of  the  gretni,  but  it  will  then  only  Ijc  the  brightest  of 
these  colors.     This  does  not  affect  the  diagnosis. 

"The  fact  that,  in  this  test,  many  green-blind  select,  besides  gray  and 
green  or  one  of  tlicse  colors,  also  bright  blue,  has  kil  to  misimderstanding. 
Some  have  concludcil  from  this  that  i-etl-  and  greeu-blinducss  may  exist 
together  in  the  same  individual ;  others  have  thought  that  these  two  kinds 
of  color-blindness  are  not  readily  distinguishci;!  Ijv  this  metliod.  The  first 
conchision  is  not  correct.  The  two  kinds  of  color-blindness  have  great 
similarity,  but  differ  in  innumerable  sliglit  variations.  They  are  to  be  con- 
siderctl  im  two  sharply  defined  classes. 

"The  se<v*nd  conclusion  can  arise  only  from  not  understanding  and  not 
using  the  method  corrtH-tly,  The  especial  jHir|)ose  of  this  methtxl  must  be 
kept  constantly  in  view,— viz*^  to  find  out  the  chamcteristics  of  the  defects 
in  color-|>erce|)tion  of  those  examinwb  The  characteristic  of  green-blind- 
ness is  the  confusion  of  purple  witli  gray  or  green,  or  bc>th.  This  con- 
fusion is  the  point  to  be  determined  j  eveiything  else  may  be  neglected,     A 
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complete  color-blinci,  who  confW^  pyrple  with  gmy  or  green  (bluish  ^reen), 
or  with  lioth^  is  t/tren-blind^  do  what  dse  he  mtff/.  This  h  the  rule  ;  uiid 
the  eamtul  and  observant  exainioer  who  understauds  the  applimtiou  of  the 
test  will  at  once  distin^i^niisli  it.  It  is,  indeed,  tjfWn  pussibh%  in  nnirked 
cases  of  incomplete  eolor- blindness,  to  decide  to  which  elass  it  lK4on«js  by 
the  way  the  examinee  act^  with  his  hands.  We  do  not  mean  by  this  that 
the  diagnosis  is  always  very  easy.  Practice  and  knowhtlge  are  uei^essary. 
As  there  is  a  long  series  of  ineonndete  e4:)lor-blindness  lietween  uormal 
vision  on  the  one  hand  and  complete  oolor-bh'ndness  on  the  other,  there 
must  naturally  be  a  bonler-liue  where  differences  of  the  two  kinds  of 
color-blindness  eease  to  be  rectjgnizeii. 

**The  examinati(*n  may  end  with  this  test,  and  the  diagnosis  be  con- 
sidercil  as  |Terfeetly  s*'ttlcd.  It  is  not  even  necesaary,  practicallyj  to  decide 
whetlier  the  color-blindness  is  ri\l  or  green.  But  to  more  thoroughly  con- 
vince railway  employees  and  others,  who  are  not  special ints,  of  the  reality 
of  the  color-blindness,  the  examination  may  be  completed  by  one  or  more 
tests.  It  is  not  necessary  to  the  diagnosis,  and  serves  only  us  a  confirmation 
of  it. 

**  Ted  IIL — The  red  skein  is  presenteil  to  the  examinee.  It  is  neoes* 
sary  to  have  a  vivid  r*xl  color,  like  the  ral  flag  used  as  signals  on  railways* 
The  color  should  be  that  of  II h  of  the  plate,  rather  tovvai*ds  yellowish  red, 

^^  Rule, — This  test,  which  is  applied  to  those  completely  color-blind, 
tfihonld  be  continued  until  tlie  person  ex  ami  net!  has  placed  beside  the  test- 
ekein  all  the  skeins  Ix^longing  t4j  this  hue  or  the  greater  |>art,  or  else  one  or 
more  '  confusion-colors'  (10  to  13),  The  retl- blind  chooses,  besides  the  red, 
green  and  shades  of  brown,  which  (10  to  11)  to  the  normal  sense  seem 
darker  than  rah  On  the  other  hand,  the  green-blind  selects  shades  of  these 
colors  which  app4jar  lighter  than  rt^  (12  to  13), 

"  Heniark, — Every  c-ase  of  compaiutively  CM^mplete  color-blindness  does 
nut  always  make  the  (irwisc  mistakes  we  liave  just  mentioneih  These  ex- 
ceptions are  either  instances  of  j>erson8  who  arc  not  quite  completely  color- 
blind, or  of  completely  et dor-blind  jwrsons  who  have  been  practised  in  tlie 
colors  of  signals,  and  who  endeavor  not  to  be  diseovercn:!.  They  usually 
conlbund  at  Iwist  green  and  brown  ;  but  even  this  does  not  always  happen. 

**  3Ionoehr&matw  Vmon, — Tlie  absence  of  all  except  one  color-sensation 
will  be  recognized  by  the  confusion  of  every  hue  having  tlie  same  intensity 
of  light. 

"  Violet^ blindness  will  be  re<:Tognized  by  a  genuine  confusion  of  purple, 
red,  and  orange  in  the  second  test.  The  diagnosis  should  Im  made  with 
discrimination.  The  first  t^i'st  often  shows  blue  to  l)e  a  *  con  fusion -color.' 
This  may  in  certain  cases  Ije  the  sign  of  violet-blindness,  but  not  always. 
We  have  not  thought  it  advisable  to  recognize  defects  of  this  kind,  and 
only  the  marked  cases,  tliat  other  tests  establish  as  violet  color-blindness, 
should  he  reckoue<l  in  the  statistics." 

That  Holmgren's  test^  if  carefully  carried  out,  is  a  very  efficient  one 
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there  can  be  no  doubt.  But  that  it  takes  some  time  will  be  admitted  by  all 
who  have  used  it,  and  also  that  such  testing  requires,  as  the  Committee^ 
says,  ** careful  training,  and  is  not  to  1m?  learnt  except  by  practice;  for  it 
requires  not  only  a  registration  of  the  absolute  mistakcd,  but  also  a  readj 
observation  of  the  manner  in  which  the  caudidate  acts  whilst  under  e3tiim- 
ination."  In  nhort,  a  mtHlitiil  oian  h  nee<lcil,  tts  is  al^so  demanded  for  this 
test  by  the  Council  of  the  British  Metlitnl  Aj?so<nation  mentioned  above,— 
a  mt-dieal  niau  with  si«?fial  kuowledge  about  the  physics  of  light  ami  lli« 
physiolog)^  and  pathology  of  color-pereeption,  who  is  not  very  fn?tjiU!iil, 
and  whose  services  for  large  bodies  of  men  wouhl  \ye  a  heavy  financial  bur- 
den. These  points  were  clearly  brought  to  the  miud  of  the  writer  when  in 
1880  the  officers  of  the  Pennsylvania  liailri>ad  invited  him  to  give  advice  and 
assistance  to  them  in  their  examiuiition  of  the  employees  as  to  sight,  ecJor- 
sense,  and  hearing.  Here  the  numl>er  of  men  to  l)e  examined  was  atent 
forty  thousand,  scattered  over  more  than  five  tliousjmd  miles  of  track,  with 
about  twelve  thousand  men  actually  dependent  upon  colored  signals  for  tlieir 
guidance,  whilst  the  nundier  of  ophthahuic  surgeons  was  limited,  and  Dot 
sufficient  to  make  these  examinations  in  any  reasonable  time*  This  idea  was 
thcretbre  given  np,  as  well  as  the  thonglit  of  training  a  sufficient  number 
of  the  company's  sni-gecms  to  perform  tliis  special  task  with  fairness  to  tfce 
men  and  siifety  to  the  cfiui|winy,  A  system  was  needed  that  could  be 
applied  locally  on  each  division,  quietly,  and  at  the  convenience  of  the 
men  without  oompelling  them  to  lose  much  time.  It  ha^:!  to  W  of  so 
simple  anatni-e  tliat  the  facts  could  be  cx^lbx^tcti  by  non-professional  persona 
and  could  be  so  clearly  presented  to  the  division  superintendent  and  to  the 
surgical  expert  as  to  enable  a  pf^'fcnily  cori\\*t  dwision  to  V>c  nuide  in  every 
case.  The^e  and  other  considerations  of  weight  kd  the  writer  to  the  invea- 
tion  of  au  instrument  tor  the  examination  of  the  color-sense  which  could 
be  efficiently  usetl  by  any  intelligeut,  instructed  official,  and  a  record  of 
which  could  Ije  permanently  kept  for  the  information  of  the  officers,  and 
as  a  guide  fur  the  action  of  any  surgical  exjieit  whom  the  com{mny  might 
appoint  to  sujieriotend  the  entire  system.  Holmgren's  method  of  matching 
colored  worsteds  is  adheretl  to,  and  the  test-et)lors  to  Ije  matched  an?  greea, 
rose,  and  rah  Hence  there  is  no  departure  from  Holmgren's  principle,  tha 
only  novelty  being  to  reduce  the  nuuiljer  of  colors  to  those  similar  to  die 
test-colors  and  to  those  usually  chosen  by  the  color-blind,  and  so  to  identify 
them  as  to  enable  an  absent  exjK^il  or  superintendent  to  know  precisely 
what  colors  had  been  selix*ted  to  match  the  testni-olors.  The  Instrumeot 
was  first  descril>ed  in  the  Trajisa^dions  of  (he  Anierieayi  Ophthahnolofpcal 
Socief^f  tor  1880,  and  later  in  several  other  journals.  The  description  of  it 
as  given  by  the  writer  at  the  sixteenth  annual  meeting  of  the  American 
Ophthalmologitnl  Stx^iety  is  as  follows.  The  instrument  consists  of  two 
flat  sticks  alwut  two  feet  in  length  and  one  inch  in  width,  fastened  by  a 
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hinge  at  one  end  and  oonnected  by  a  button  at  the  other.  Between  thcse^ 
and  oanoealed  fix>m  view,  are  Syny  white  buttons,  having  the  figures  from 
to  40  dearij  ei^raved  an  them*  attached  to  the  stick  by  small  wire 
ik&f  whiA  triO  pfrmii  of  their  nw^  removal  w  change  ^jMMJttbn.     To  the 

\  of  these  buttons  are  attaA!faed  forty  skeins  of  colored  wooL 

In  obedience  to  Holmgren,  the  te$t-skeins  are  three  i  1,  light  green,  A  ; 
,2,  rose  or  purple,  B ;  and  3,  retl,  C     These  skeins  are  showii  to  the  per- 

\  examined  in  ttims,  and  thev  are  directed  to  select  from  the  stick  the 
colors  which  will  raateh  them. 

On  the  stick  the  colors  are  arranged  alternately  to  match  the  testa^  and 

to  be  of  those  eonfusion-tints  which  experience  shows  to  be  most  commonly 

^•elected  by  the  eolor-bliud.     The  first  twenty  tints,  set  a,  are  therefore 

■^ green  and  gray  and  tan-eolored  confusion-tinfc*,  and  this  part  suffices  for 

detecliug  any  color-blindness. 

From  21  to  30,  set  6,  the  tints  are  alternately  rose  atid  blue,  and  from 
31  to  40,  set  Cj  the  tints  are  red»  and  its  einifiisionHY»lors  brown  or  sage, 
etc.  It  is  arranged,  however,  that  the  real  tints  miunieiico  witli  figure  1 
and  range  onward  by  the  ofM  figures,  while  the  confusion-tints  are  desig- 
nated by  the  even  figures,  so  that  when  the  entire  examination  is  ettnrUuleil 
— in  a  case  of  normal  sight-^-only  odd  figures  should  appear  recLinkHl  on 
the  blank,  whilst  if  a  fault  has  been  made  by  a  color-blind  (x^i*son  it  will  be 
revealed  by  the  even  nnnil>ers.  In  the  green  test  the  apjxvinmce  on  tlie 
blank  of  numbers  beyond  20  would  be  more  than  suspidouSj  with  the  I'ose 
anything  l>elow  21  or  above  30,  and  with  the  nxl  any  uumlx^r  Ix^low  3L 
It  will  be  seen  that  any  superintendent  or  sntwrvising  exjiert  ixiuld  thus  lie 
sure  of  the  presence  or  absence  of  eolor-bliiuhiess  by  remein leering  the 
simple  theory  of  tlic  arrangement  and  scanning  the  blank  on  wliieh  the 
numbei^  of  the  tints  selei'tod  had  been  recordeiL 

The  first  twenty  tints  are  giTon  and  its  cunfusion-tints,  but  the  color- 
blind lias  the  whole  forty  to  c1kk»!^  fni in,  and  does  fretjuently  sehni't  retls  at 
the  end  of  the  series,  and  tluis  proclaim  his  defect.  Again,  of  these  coufn- 
siou-tints,  five  are  gray  and  five  are  shades  of  brown,  and  we  may  thus  guess 
at  re*l-  or  green-blindness  by  the  first  niistakt^s  i»f  the  color- 1 jH rid ^ — the 
greun-blind  preferring  the  grays,  and  the  red-blind  selec*ting  the  browns. 
The  positions  of  the  skeins  in  each  set  can  W.  readily  changetl  at  pleasure 
on  the  stick. 

In  the  rose-test,  l>etween  21  and  30,  die  green-blin*!  frequently  select 
greens  in  the  first  series,  and  thus  show  their  defect 

The  examination  for  e<:tlor-blindness  by  this  instrument  is  conducted  for 
the  Pennsylvania  Railroad  ComjMiny  l>y  the  agents  of  the  division  sn|>erin- 
tcndents  according  to  the  following  instructions : 

Place  tlie  test-skein  A  at  a  distance  of  not  less  than  three  feet,  and, 
without  naming  the  ojlor,  dii'ect  the  person  examined  t*j  name  the  color, 
and  to  select  from  the  first  twenty  tints,  or  set  (a),  of  the  yarns  on  the  stick, 
ten  tints  of  ttic  same  color  as  skein  A,  stating  that  they  do  not  match,  but 
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are  different  shades  of  the  same  color.  Beoord  tlie  cumber  of  tints  go 
seleetctl.  Do  the  same  with  skeins  B  and  C,  using  for  B  the  tints  from  21 
to  30,  and  for  C  the  tints  from  31  to  40»  If  the  odd  numbers  are  sdected 
readily,  the  examination  may  be  gone  over  very  quickly. 

When  folor-blindness  is  detected,  any  one  of  the  even  nimibersor  ^'wn- 
fusion-colors**  may  be  used  as  a  test-skein,  and  the  man  may  be  directed  li 
name  the  color  and  to  select  similar  tints,  when  he  will  most  probably  dao^  ^ 
odd  numbers,  which  shonhl  be  recorded,  stating  tlie  number  on  the  stick  of 
the  "  contnsion-oolor"  used  for  a  test,  and  then  giving  the  numbers  chosoi 
to  match  it. 

Then  a  soiled  white  flag  should  be  shown,  and  the  man  be  directtd 
to  name  it,  give  its  projK^r  value  as  a  signal,  and  select  tints  to  match  it, 
which  should  be  recx>rded  j  next  a  green  and  finally  a  red  flag  are  nstA 
likewise. 

All  the  particulars  are  to  be  recxirded  as  the  examination  proceeds,  Dotj 
leaving  them  to  memory.  Use  the  numbers  in  recording*  Kote  whetbef 
the  selection  is  prompt  or  hesitating  by  a  distinct  mark  after  the  pmper 
word  on  the  blank  furm.  When  the  deficient  color-sense  is  discovered, and 
variations  in  the  mcMle  of  testing  are  made  by  the  examiner  or  exaniiuee, 
they  should  be  noted  under  remarks,  or  on  a  separate  sheet  to  be  referred  to, 
if  the  blank  has  not  room  enough. 

This  plan  has  worked  to  the  entire  satisfaction  of  the  company* 
impoiiant  feature  of  it  is  that  it  allows  an  intelligent  layman  to  test  1 
men,  and  so  to  sift  out  those  that  are  suspicions  according  to  the  numkn 
on  the  blank.  These  reports  are  then  sent  to  the  surgical  expert  oft 
road,  at  whose  request  the  color- defective  person  also  would  l^  ordered  i 
repjrt  for  a  final  professional  examination*  Tbus  on  the  iTiad  the  laymen 
merely  collect  data,  which  do  not  decide  the  question,  but  lead  to  the  exam- 
ination by  an  exjx^rt ;  and  the  men  are  provided  witli  a  place  for  an  apixaii 
and  a  i>roteclion  from  all  errors  of  the  examination  or  mistakes  of  tlieir 
own  tlie  result  of  trepidation  or  misuudei^tandiug.  This  is  a  |>oiDt  highly 
vnlui'd  by  the  men  of  the  road  themselves,  as  the  following  words  show, 
written  by  Grand  Chief  Conductor  C.  S.  Wheatou,  of  Cedar  Rapi<ls,  Iowa. 
in  1887  ;  "  The  Pennsylvania  system  permits  of  apj>eal,  while  that  in  Ala- 
bama does  not.  A  greater  latitude  is  allowed  on  jmrt  of  the  Pa,  11.  R.j 
they  give  an  employee  an  opportunity  to  tlioroughly  test  himself;  while  in 
Alabama  they  do  not.  I  look  njxju  the  Pennsylvania  system  as  the  meet 
fair  to  tlie  employee,  and  still  atJurdiiig  the  company  and  its  jiatrons  theljest 
possilile  protection/'  From  reiHirds  of  the  cxaminati^m  of  the  first  two 
thousand  men  by  non-professional  l>ut  intelligent  employees,  it  is  evident 
tliat  all  color-blind  iiersuns  must  have  been  detected,  since  about  4.2  \^ 
cent,  ai-e  clearly  so  delwtive  from  their  seijarate  re|K>rts.  Later  a  smaller 
P«n:entage  was  found, — among  twenty-five  thousand  one  hundi"ed  a!id  fifty- 
<?ight  men,  uuly  lour  hundred  and  eighty-one,  or  about  2  per  cent., — ftp 
parently  because  the  men  had  Wgun  to  ask  themselves  about  their  oolor^ 
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sense,  and^  when  defective,  left  the  service  before  detection,  that  they  might 
obtain  employment  on  other  roads  where  no  examinations  were  required. 
This  also  refers  to  the  new  men,  who  would  not  apply  when  they  became 
aware  of  something  wrong  with  their  color-sense. 

In  1887  the  same  system  was  adopted  by  the  Philadelphia  and  Reading 
Railroad,  with  about  fifteen  thousand  employees  on  two  thousand  two 
hundred  miles  of  track,  after  a  serious  conflict  between  the  ofiicers  and  the 
men,  which  was  settled  to  the  satisfaction  of  both  by  the  mediation  of  the 
writer.  Among  the  first  four  thousand  five  hundred  and  fifty-three  men 
examined  there  were  3.5  per  cent,  found  to  be  color-blind.  This  test  was 
also  used  in  England  by  the  Midland  Railway,  the  London  and  South- 
western, and  by  many  roads  of  this  country,  as  has  been  shown  lately  by 
the  writer  in  the  Medical  News  for  August  18, 1894,  in  an  article  "A  New 
Wool  Test  for  the  Detection  of  Color-Blindness,''  from  which  we  shall  now 
cite.  How  many  roads  have  adopted  Thomson's  color-stick  is  shown  by 
the  replies  received  in  response  to  a  circular  recently  sent  to  one  hundred 
of  the  most  important  railroad  corporations  of  this  country,  controlling 
129,970  miles,  asking  if  examinations  were  made  as  to  color-blindness. 
Thus  it  was  found  that 

MUes. 

Twenty-four  using  Dr.  Thomson's  test  controlled 38,786 

Eleven  using  other  methods  controlled 16,679 

Thirty-one  making  no  test  controlled 29,428 

Thirty-four  making  no  reply  controlled 46,077 

The  Pennsylvania  Railroad  system  has  accomplished  much  good,  but 
there  is  yet  more  to  be  done  to  bring  all  the  roads  in  the  country  under  the 
protection  of  some  efficient  method  of  testing,  to  secure  both  the  roads  and 
the  public  against  loss  of  life  and  property  from  these  well-known  defects 
of  their  employees.  The  total  mileage  of  the  country  is  180,966,  and  there 
are  nearly  1,000,000  employees. 

Great  progress  has  been  made,  since,  at  this  time  (1896)  the  total 
number  of  corporations  which  have  adopted  this  system,  and  have  used 
the  *'  color-stick'^  and  the  new  wool  test  for  the  detection  of  color-defects, 
is  estimated  at  seventy-eight,  having  under  control  a  total  mileage  of 
106,396  miles. 

The  protection  of  over  100,000  miles  of  track  by  one  system  is  an 
efficient  answer  to  the  charge  from  England,  where  the  total  trackage  is 
but  19,288  miles,  that  nothing  had  been  done  in  the  United  States  beyond 
the  passing  of  a  law  in  the  State  of  Alabama  on  this  subject.  It  is  also 
a  great  credit  to  the  directors  and  officers  of  those  roads,  who  have  volun- 
tarily brought  about  this  reform  without  any  pressure  from  legislation. 

In  order  to  show  how  the  Pennsylvania  Railroad  Company  keeps  its 
records  of  these  examinations,  we  submit  the  following  fac-simile  of  an 
actual  blank : 
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WEST  JERSEY  RAILROAD  COMPANY. 

Camdsn,  January  19,  1888. 
Examination  of  sight  and  hearing  of  James  A.  Morris,  aged  twenty-two,  employed 
as  locomotive  fireman,  applicant  for 


ACXrrBNESB  OF  VISION. 

RANGE  OF  VISION. 

The  number  of  the  series 
seen  at  twenty  feet  distant. 

Least  number  of  inches  at 
which  type  D— 0.6  in  test- 
type  pamphlet  can  be  read. 

Right  eye. 
4^  inches. 

Left  eye, 
4}  inches. 

Right  eye. 
Left  eye. 

20-80 
20-20 

FIELD  OF  VISION. 

Good  or  defective 

Good. 

Tes^nkeln 
submitted. 

Name 
giveu. 

Numbers  selected  to  match. 

A — Green. 
B— Rose. 
C— Red. 

Green. 

Red. 

Red. 

8,  26,  24,  7,  11,  22,  15,  5,  1,  17,  28,  9,  19,  80,  18. 
87,  83,  29,  12,  89,  81,  21,  85,  25,  27,  28. 
87,  88,  81,  85,  28. 

Second  Color-Test 

Third  Color-Test 

Number 
shown. 

Name 
given. 

Numbers 
selected. 

Flag 
shown. 

Name  and 
use  given. 

Numbers 
selected. 

24 
89 

80 

Green. 

Yellow 

red. 

Blue. 

26,  22. 
Could  find 
no  match. 

26. 

Soiled 

White. 
Soiled 

Green. 
Soiled 

Red. 

Safety, 
White. 

Caution, 
Green. 

Danger, 
Red. 

2,  4,  6. 

86,  88. 

87,  83,  81. 

Selection  prompt  or  hesitating. 
Prompt. 

Hearing. 


Right  Ear. 

Left  Ear. 

Watch. 

Conversation. 

Watch. 

Conversation. 

8  feet. 

20  feet. 

8  feet. 

20  feet. 

Remarks. 
Escaping  steam  prevented  watch-test. 

J.  J.  BuRLBiOH,  Examiner. 
Acuteness,  right  eye  defective.     Range,  good.     Field,  good.     Color-sense,  defective. 
Hearing,  see  remarks. 

Jos.  Crawford,  Superintendent 
Note.— Those  approved,  marked  "  Appd." 

Those  not  approved,  marked  "  Not  Appd." 
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As  the  result  of  much  exj^i^rience,  and  after  a  recent  study  of  the  entire 
subject,  I  would  suggest  some  improvements  that  will  enalile  a  new  test  to 
be  used  in  conuection  with  the  color-stick  or  as  a  Bubetitute  for  it*  The 
colur-skeins  of  tliis  nevr  arraugement  have  been  most  carefully  selected ,  and 
a  standard  set  will  be  kept,  &o  that  renewals  may  be  made  of  the  entire  set 
or  of  those  skeios  that  may  become  taded,  soiled,  or  lost.  The  new  set 
consists  of  a  hirge  green  and  a  large  rose  test-skein^  and  forty  small  skeins^ 
each  marked  with  a  bangle  having  a  concealed  number,  extending  from  1  to 
40,  placetl  in  a  double  box,  so  arranged  as  to  keep  the  two  series  ajmrt  and 
to  [K^rmit  each  to  l_>e  exposed  upon  a  table  in  aajnfused  mass.  The  stick  is 
disjiensed  with,  as  giving  too  fixed  au  arrangement  to  the  skeins  and  not 
enough  vonfmion^  although  the  skeins  could  be  readily  removed  from  their 
ho(jkrt  and  changed  in  i>osition  for  this  purpose. 

The  large  gi-ecn  Bkein  iK^ing  placed  near  by,  tlie  small  skeins  from  1  to 
20  are  exposed  in  good  daylight^  and  the  employee  under  examination  is 
directed  to  select  ten  shades  of  the  same  t^lor  as  the  test-skein.  One  with 
normal  vision  will  choose  promptly  and  with  case  the  ten  greens  with  odd 
numlxTS  iju  the  bangles.  A  color-blind  person  will  hesitate,  and  his  selec- 
tions will  contain  some  even  numbers,  and  the  con  fusion-colors  will  be 
shades  of  brown,  etc,,  containing  some  red,  or  shades  of  gray,  and  will 
indicate  the  color-defect  These  figures  are  to  be  recorded  on  a  blank,  and 
the  twenty  skeins  are  to  l>e  remove<l.  Tlie  large  rose  skein  is  then  used, 
and  the  examination  repeated  in  like  manner  with  skeins  numbered  from  21 
to  40,  and  the  result  recordctl.  The  confusion-skeins,  which  have  even 
numV>ers,  arc  blue,  green,  and  gray.  From  the  selections  made  by  the 
man  found  color-defective  by  the  green-test,  we  are  able  to  decide  the  char- 
acter of  his  color-blindness.  Those  sektrtiug  b!ut«  are  red-blind  ;  tliose 
taking  greens  and  grays  are  gret^n -blind,  according  to  the  nomenclature 
of  Holmgren.  There  are  ten  mses  and  ten  con  fusion-colors  in  the  second 
aeries. 

The  red  test  skein  of  the  stick,  with  its  confusion-coloi's,  is  omitted 
entirely,  and  the  test  is  made  to  conform  more  strictly  with  Holmgren's 
method,  while  the  examiner  is  also  provided  with  forty  qnestions  of  (kvisive 
clearness.  Greater  scientific  accuracy  is  obtained  by  this  methml,  and  with 
the  careful  s<."lertion  of  these  confasion -colors  I  now  regard  this  system  as 
an  improvement  upon  the  stick,  and  as  a  safer  and  more  simple  method  to 
lie  used  by  a  nou-pr<jfessional  examiner.  The  blank  will  also  give  to  tlie 
division  superinteudeut  or  to  auy  suiiervising  sui^ical  exj>ert  a  more  simple 
repiort  of  the  examination.  The  yarns  are  to  be  kept  frc^m  the  light  in  the 
double  box^  one  side  of  which  is  colored  green  and  the  other  rose,  to  aid  the 
examiner  in  k<^ping  the  series  separate  and  to  save  time.  The  test  will  be 
a  valuable  addition  to  those  to  be  used  by  smrgical  experts.  This  test  is 
kno^Ti  as  tlie  New  Wool  Tt^^t,  and  will  be  used  by  the  Pennsylvania 
Railroad  Company  in  eonjuoctiou  with  the  color-stick  test. 

Doubtful  crises  are  tested  again  by  Holmgren's  wools  and  other  testa* 
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Another  modification  of  Holnigren^s  test  is  Dr.  Jeaffresoa's  tesi-diak^  I 
which  is  thus  described  by  the  Committee :  * 

"  Dr,  JeaflresoD's  test-apparatus  consists  of  a  rotating  celluloid  ditk,  j 
about  a  foot  in  diameter^  iifKin  wliich  skeins  of  wools  are  arrangcil  radiallrl 
at  the  outer  ed^^e.     All  of  the  disk,  except  a  small  aperture,  is  coveml.J 
By  means  of  a  button  attached  to  its  centre,  the  disk  can  be  turned  miti 
any  color  is  brought  op|x>site  to  that  standard  test-<?olor  which  is  seen  id 
the  upper  aperture.     The  test-skeins  are  the  three  Holmgren  test-<^loi%" 
and  a  yellow,  blue,  and  purple.     The  apfwrnitus  is  mounted  on  a  frame,  ^> 
that  it  cao  be  hung  upon  the  wall. 

'*  lu  using  the  test  the  usual  c\»urse  is  to  point  out  to  the  persrm  undefj 
examimitiiin  the  pale-gi-eeu  wool  id  the  upiK^r  ajiorture,  and  refjuest  bimt 
turn  the  button  until  he  brings  several  skeins  of  what  appear  lo  him  to  I 
tlie  sarae  ci>lor  on  the  disk  opiK>site  to  the  one  he  has  to  match.  Wlien  th 
examination  with  this  color  is  completed,  the  j>ink  skein  is  proceeded  with 
in  the  same  manner,  and  this  is  followed  by  the  other  t^t-colorss  if  o«>tt- 
eidered  necjessary,  following  it,  if  dt^ired,  with  from  one  to  twenty  wo- 
fusion-colors.  The  colors  on  the  disk  which  are  chosen  can  be  registertti 
by  numbers  for  future  reference,  or  for  comparison  with  the  results  of  a 
sec<:jud  examination,  where,  in  case  of  disputes,  it  is  called  for." 

A  new  series  of  Birrlin  wools  far  an  accurate  detection  of  subnormal 
color-fK'ret^ption  was  brought  forwanl  by  Dr.  C.  A.  Oliver*  in  188*>.  He 
objects  to  all  fixed  arrangements,  and  makes  his  set  consist  of  three  series  of 
colors.  First,  tive  j>rincipal  test-skeins,  pure  green,  red,  blue,  yellow,  and 
rose,  all  of  equal  intensity.  Sci'oud,  a  serit^  of  twenty  small  pure  matiJi- 
skeins  of  either  a  pure  tint  or  a  pure  shade  of  one  of  the  lai^r  skein^H 
Each  skein  has  a  small  black  meiallio  Ijangle,  containing  intaglio  leitcring, 
fastenetl  to  it,  which  iudicates  t!ie  tint  or  the  shmle  of  one  of  the  principal  ^^ 
tests*  Third,  a  series  of  seventy-two  small  confusion  match-skeins.  Th 
set  may  als^i  Ix*  ustxl  by  any  educateil  layman,  as  each  test-skein  has 
00 lor- value  expressed  upon  it.  It  is  i.^e^rtaiuly  a  good  test,  on  accoaat  < 
the  careful  choice  of  the  colors  and  their  scientific  arrangement.  At 
meeting  of  the  American  Ophthalmological  Society  in  1893  Dr.  Oliver 
simplified  his  methrKl  still  mnre  by  dis|>ensing  with  all  but  the  five  prin- 
cij>al  test-skeiiis,  five  pure  nmtfh-skcins,  and  eighteen  confusion-skeius  < 
relative  txpial  iutensitj'  to  the  pure  match-skeins,  so  that  he  now  employ 
only  twenty- eight  wools.  The  patient  is  asked  to  pick  out  tlie  tlirrt 
nearest  matches  to  each  of  the  test -skeins. 

The  color-table  by  Dr.  A.  Daae,  of  Norway,  is  based  upon  the  principle 
of  Holiugren.     It  contains  ten  horizontal  lines  of  seven  little  sfpjares  <>f 
colored  wools  each.     Only  in  two  lines  (No.  8  and  Xo,  10)  are  all  ttoj 
colors  alike,  being  different  shades  of  green  and  red.     All  the  other  lioal 
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»  L<>c.  ciL.  p.  892. 

*  Tmmactioiis  of  the  American  Opkthalmologic&I  Society,  1886. 
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IContnin   different  t'olors.     If  any  ui  tliese  otiier  lines   seem  to  c^msist  of 

rdiades  of  the  same  eoior  to  any  person,  he  is  eolor-bliurl,  the  tlifFereut  lines 

indicating  the  different  kinds  of  color-blindness.     This  table  is  very  eon- 

venient ;  but  in  most  cases  a  tH^nfirmatory  examination  by  some  other  test 

will  be  required. 

There  are  many  other  moditications  of  Holmgrtni^s  method,  as  the 
color- tables  of  Reuss,  the  embroidery  patterns  of  Cohn,  the  colored  cylin- 
ders of  Radal,  the  yarn-coveretl  sjhjoIs  of  8chenke,  and  the  rolls  of  pseodo- 
isoeiiromatie  wools  of  Dondt^is ;  bnt  we  must  jmss  them  over  and  turn  to 
the  examination  by  colored  pigments,  which  are  much  lauded  by  Cohn  and 
Manthner,  the  latter  of  whom  remarks  that  one  of  his  color-blind  patiente 
could  dLstinguish  refl  worsteds  by  the  diffei-ence  of  th(*ir  snrlaee,  whilst  the 
same  person  with  tliese  pigments,  enclosed  as  they  ai^  in  little  glass  bottles, 
did  not  have  the  same  clues,  and  so  l>etrayed  himself.  Manthner  has 
thirty-three  little  lx>ttles  fillet!  with  different  pigments,  some  with  one  pig- 
ment  only,  some  with  two  pigmente,  pseiido-isoehromcUiCj  but  so  chosen  that 
they  appear  of  different  coloi-s  to  the  normal  bnt  of  the  same  color  to  the 
<x»lor-blind  eye,  and  some  vials  finally  with  such  pigments,  animchromaiic^ 
as  must  ap^Ktir  differcut  to  normal  and  to  color-bbnd  eyes.  The  examina- 
tion is  proceeded  with  in  the  same  way  as  with  the  wools,  but  the  iMittles 
must  always  be  heUl  so  that  as  little  liglit  as  jwssible  is  reflcHL'ted  from 
the  glaivs,  sinw  otlierwise  this  light  mingles  with  that  from  tlie  pigments 
and  disturbs  the  test. 

Colore<l  lanterns  have  also  been  used  by  HiJmgren  and  others,  one  with 
red  and  one  with  green  glasses,  Thei-e  are  thi-ee  slmdes  of  each  color  that 
can  be  turned  around  the  flame.  This  metliod  is  not  so  conclusive  as 
other  tests,  for  rea.'^ons  already  given,  but  is  useful  to  convince  the  color- 
blind or  the  offit^rs  of  a  railroad  of  the  actual  [jresence  and  danger  of  tlie 
defect.  A  similar  lantern-test  is  used  by  Dr.  Emmet  Welsh,  who  in  his 
present  examination  of  the  employees  of  the  Grand  Rapids  and  Indiana 
Kailroad  uses  also  Holmgren's  test  and  the  writer's  color- stick,  and  thus 
far  has  found  among  six  hundred  and  seventy  men  twenty-six  color-bliml, 
or  3.88  per  cent. 

Stilling  has  eonstrueted  chromo-lithographic  tables  which  dci>end  upon 
the  fact  that  the  eulor-blind  are  not  able  to  distinguish  two  colors  quite 
different  to  the  normal  ol:>server  if  tliese  lie  on  the  same  side  of  the  neutml 
band  in  his  diehrumatie  syK'ctrum  and  have  tlie  sjune  brightness.  His  Talde 
2,  for  example,  consists  of  rtnl  lcttei*s  on  a  l>rown  ground^  which  ctmnot  be 
deciphered  by  a  red-blind  jKH'son,  They  are,  however,  open  to  the  ohjee- 
tion  that  if  the  two  colors  do  not  hajijM.'n  to  suit  the  patient's  individual 
pec»uliarity  the  letters  will  Ik*  still  nH'ogni;ficd  Ivy  him. 

While  the  methotls  aljove  mentiontxl  allow  only  of  the  determination 
of  the  color-perception  fjiiiillkitlvely^  tliere  are  other  tests  by  which  the 
color-sense  can  be  tested  quaid'dativvfjf.  Of  tliese  we  shall  mention  two  or 
three.     The  first  is  that  by  Donders,  first  dcscriljcd  in  (rraeje^s  Archivj 
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xxiii.  4,  p.  282,  1877.  For  refleckd  daylight  lio  uses  Bmall  eirrl^s  of 
colorefl  jiaper  oue,  two,  five,  ten,  and  fifteen  millimetres  in  diameter, 
which  are  glued  to  a  small  piece  of  black  velvet.  For  railroad  men 
nx*umroeTKis  the  material  used  for  the  signal-flags.  If  the  object  which  i 
reecignized  in  its  color  bv  the  normal  eye  at  twenty  metres  is  seen  oiilj 
at  four  metres,  then  the  examinee  should  ha%'e  a  color-senije  equal  to  ^* 
Bonders  takc^  it  as  a  general  law  that  briglit  stitii rated  colors  one  mil* 
limeti'e  in  diameter  when  jilaeed  on  l)lack  velvet  io  a  good  light  will  be 
at  five  metres  by  an  eye  with  normal  color-aeuity.  Donders  has  also 
struct*^  an  apimratns  for  examination  by  iraiimnUkd  light,  which  allo^ 
the  brightness  of  the  light  to  be  so  varicKl  that  the  one-millimetre  openi 
covered  by  the  colored  glass  will  appear  in  the  right  c\>lor  to  the  nonr 
eye  at  five  metres.  Tlie  ojx^nings  in  the  screen  are  also  one,  two,  five, 
fifteen,  and  twenty  millimetres  in  diameter*  If  we  now  call  m  the  dij 
of  the  o|>ening  nec<^ssary  to  make  the  jmtient  see  the  color  at  d 
whilst  the  color  of  the  one-millimetre  opening  is  normally  seen  at  D  luetn^ 

then  the  patient^s  powder  of  color- perception  A'  is  really  A''^^  —  — ,  as  the 

color-[x?rception  is  in  inverse  ratio  to  the  amount  of  light  neexssary  for  its 
recognition.     The  amount  of  liglit^  however,  is  projKirtional  to  the  squa 
of  the  diameter  of  the  colored  openings  ami  inverst*ly  proportional  to 
square  of  the  distance  of  the  patient  from  the  luminous  opening.     Bu 

as  Donders  savs,  this  K^=^ —^  *—^^i(  ^   ~\    is  not  verv  convenienls 
'^80  that,  as  a  rule,  we  may  confine  ourselves  to  the  formula  Color  Viaoiij 


or  C,  V,,  equals 


1     d 
If 


m 


and,  if  we  use  the  one-millimetre  oi)ening  only,  1 


the  formula  C.  V.  equals   _  f^  t.c.,  the  usual  formula    employed  aUo 

express    the  visual  acuity.      To    give   an   example,  let    us  suppose  that 
the  patient  could    recognize  the   color  of  the  t wen t>^- millimetre  opening 
only  when  at  one-fourth  metre  from  it»  while  the  examiner  with  normi 
color-sense  could  see  the  color  of  the  one-millimetre  opening  at  five  me- 

20  ^5      400 

ever,  tlie  light  Iwljind  tlio  oppiiing  \ye  so  weak  that  the  examiner  himself 
sees  the  ailor  of  the  one  niilUnictre  opening;  only  at  three  metres,  wliile 
the  patient  reciijrnizca  the  eolor  only  wlien  the  oj^ieiiing  is  t>venty  milli- 
metres krge  and  he  is  one-half  metre  iVoui  it,  then  the  C.  V.  of  the 
J 


tres,  then  the  person's  C.  V.  would   equal 


Should,  how- 


patient  would  be  ;^  X  -  =  -7^- 
^  20      3       120 


dueed,  it  being  only 


1 


In  i"eality  the  color- vision  is  more  re- 
1 


in   the   fimt  and 


in  the  second  cnse,  as 


160,000  "        "  14,400 

comparetl  with  that  of  the  examiner.     The  examiner  must  not  allow  the 

patient  to  gaze  steadily  at  the  color  longer  than  one  or  two  seconds,  93 
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otherwise  the  eompleineotary  oolor  may  l>e  called  up  aiid  thus  the  decision 
be  reudereil  difficult. 

Di\  Oliver  hiXjH  also  eoiistrueted  an  instrument  for  nieasiiriof^  the  color- 
sense.*  This  instrument  eoDslsts  of  a  |>erforated  disk  of  blackeut:^!  zinc  in 
which  thei^e  is  insertetl  a  movable  graduated  slide  made  of  deafl-l>taek 
vulcanite,  the  disk  being  bolted  to  three  ciiTular  cards  upon  which  ane 
known  areas  of  color.  By  rotation  of  thej^e  c'olor-l>eariDg  eardn  and  move- 
ment of  the  slidcj  any  definite  amount  of  eolor-exposure  may  Ix^  made.  By 
means  of  an  ingenious  scale  upon  the  slide,  the  amount  of  exiK>sed  color- 
area  (from  one  millimetre  square  to  ninety  millimetres  sfjuare)  can  be  seen 
at  a  glance.  The  eolor-esii'ds  have  upon  them  adaptations  for  both  re- 
fleeteil  and  transmitted  light. 

Lately  Dr.  Brndenell  Carter  has  devised  a  new  iiistniment  for  the  quan- 
titative determination  of  the  eolor-acmse.  It  must  be  used  in  a  dark  rtxjm, 
and  eoosist8  of  an  oblong  box  which  has  in  the  iVont  side  a  collimator  lens 
tliat  makes  the  rays  of  light  frtuii  a  lamp  enclosed  iu  a  separate  box  fall 
pamllel  tm  the  opjKJsite  side  of  the  little  dark  chamlx^r,  where  a  slide  moves 
Ixhind  a  round  hole  in  this  hack  walb  This  slide  issi>  armnged  that  ditfer- 
ent  pigment  colors  either  on  a  white  or  a  blackened  background  can  be 
exposetl  to  view ;  while  the  amount  of  light  that  falls  on  these  colors  is 
regulated  by  a  changeable  diaphragm,  tlie  oj>euing  of  which  can  be  made  to 
vary  from  zero  to  one  thousand  scpiaii?  millimetres.  There  am  also  on  the 
front  side  two  sight-tubes,  so  tliat  both  examiner  and  patient  may  look  at 
the  same  time.  The  physician  first  determines  with  what  diaphragm  he  is 
just  able  to  distinguish  the  different  colors  on  the  slide;  then  the  patient 
does  the  same  for  his  eyes.  At  the  outside  of  the  lx)x  there  is  an  index  that 
registers  the  side  of  the  square  diaphragm  nst>d,  iu  millimetr»^s.  Suppose 
the  examiner  had  to  use  under  the  existing  conditions  a  sipiare  diaphragm 
of  2  millimetres*  side  and  the  patient  one  of  3.5  millimetres*  side,  then  the 
coloF'Sense  of  the  patient  as  compared  with  that  of  the  surgeon  would  he 

(2) '  _      4 
/TT^  ~~  10  Q5*  ^^  ^  little  less  than  J,  as  of  course  the  color-sense,  as  stated 

before,  is  in  inverse  proportion  to  the  amount  of  light  necessary,  and  this 
quantity  of  light  is  directly  [jroportioual  Uj  the  opening  or  the  square  of  the 
side  of  the  diaphragm  used,  the  diapiimgm  retaining  always  the  form  of  a 
square.  While  the  instrument  is  thu8  used  for  refleett^  light,  it  can  also 
be  era)>loyed  for  transmitteil  light  by  using  the  colored  glasses  in  tlie  side 
and  letting  the  patient  look  at  them  from  the  opiMJsite  side  as  before. 
Carter  fuonil  in  several  cas*?s  of  im[KTfe<'t  ajlor-perception  that  while  he 
could  readily  distinguish  liglit-retl  and  light-green  dots  with  a  diaphragm  of 
four  s<piare  millimetres^  the  patient  had  to  use  an  opening  of  eighty  square 
millimetres  for  the  same  thing*  Of  course  the  absolutely  red-blind  or 
green-blind  could  not  see  the  colors,  even  in  the  fullest  illumination  jwssible, 
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in  the  sense  in  which  we  see  them  :  so  that  the  tliree  last-mentioned  ingtni- 
ments  are  nn>re  useful  for  frntient^  with  reduced  cohr^cnse^  but  venr  good 
for  an  examination  of  the  central  color-sense. 

The  phenunienon  of  .sirnnltxmeous  contiitst  has  been  referred  to  in  del 
in  the  article  on  Normal  Color- Pen?eption.     This  contrast  has  been  asedti 
the  detection  of  oolor-blindness  in  various  ways  by  Cohn,  Pfluger,  and  othem 
We  shall  meiitii>n   here  only  tho  test  of  the  colored  shadows  by  Stilling* 
wliich  dejKmds  iipjn  the  tact  that  the  shadow  of  an  object  like  a  k*ad-ptiicil 
prodn(5ed  by  colored  ghiss  in  front  of  a  light  apjx^ars  in  the  complemeD^♦^ry 
color  of  the  glass  iiswl  if  the  shadow  is  illuminated  by  daylight*     In  dii^ 
time  all  that  is  neetle<l  is  an  unlinary  lamp,  in  front  of  which  is  held  api^ 
of  ctjlored  glass  with  the  one  haml,  whilst  w^ith  the  other  one  holds  a  l 
pencil  in  front  of  a  sheet  of  white  paper  fast^^uetl  to  the  wall.     The  shad 
of  the  pncil  at  once  ap^iears  upon  the  white  pajier  in  the  contrast -er»lor  ol 
the  gla.ss.     The  reil-l>lind  or  green-blind,  who  mostly  concern  ns,  will  de- 
clare the  shadow  to  be  simply  dark  if  red  or  green  glass  is  used  ;  at  the  best 
they  may  pronounce  it  I  due  witli  a  red  glass,  i\^  this  als<i  transmits  yelbi 
raySj  whilst  with  the  use  of  a  green  glass,  which  transraiti?  not  only  yell 
but  also  blue  rays,  they  may  consider  the  color  of  the  shadow  as  blue  or 
yellow.     If  the  examiner  is  in  doubt  about  the  statement  of  the  candid 
it  is  best  to  make  the  patient  matih  the  color  of  the  shadow  by  worsteds, 
to  make  him  poiut  to  the  nearest  color  in  a  good  cN^lor- table.     Holmg; 
has  constructed  an  apparatuSj  called  a  chromatoskiameter,  which  allows 
examination  to  l>c  nuide  with  greater  convenience,  and  Cohn  for  the 
pur[K>sc*  has  devistnl  tiis  chromaskiopticon  ;  hut,  as  Oliver  remarks,  it  i* 
serious  objection  to  the  geneml  employment  of  this  method  that  **  we  are 
dealing  here  with  subjective  colora,  which  are  so  vague  and  dependent  uj^m 
so  many  idiosyncrasies"  that  not  everybody  sees  thejii  well  enough  to  maki 
it  a  conclusive  test.     Here  the  author  may  be  allowed  to  mention  a  v< 
simple  and  quick  method  which  he  frtHpiently  employs  in  his  office. 
consisti)  in  making  a  patient  look  through  a  gi.iod  eolmlt  gla^  at  a  ligl 
which  to  an  eye  accoramodatKl  for  the  distance  of  the  light  or  a  neai 
point  will  apjK'ar  red  with  a  blue  halo  around  it,  whilst  to  an  eye  acxjoi 
mmlatcd  to  a  distance  greater  than  tliat  of  the  light  it  will  appear  blue wii 
a  red  halo  aromul  it.     The  rtjil- blind  or  green-blind  will  see  the  blue  very 
well,  but  the  red  will  l>ctray  him  sfX)n  by  its  absence. 

In  Belgium  an  instrument  like  an  optometer  is  used  w*hich  allows 
the  one  end  a  green,  blue»  rcni,  or  violet  gla^ss  to  be  placed  while  the  pr^ 
l>eing  examined  looks  through  a  stenopteic  opening  into  the  instnmieut 
and  matches  the  ciilors  he  sees  by  eolortMl  worsteds.     This  method,  like 
that  of  I>onders,  will  also  demonstrate  central  color- scotomata. 

For  scientific  examinations  the  spectral  colors  are  used.  A  spectroscojie 
is  employetl,  and  the  patient  is  not  only  a>*^ktxl  to  name  the  colore  of  iht 
Hpectrura  aerkitim^  as  of  course  he  might  have  learnt  them  bv  heart,  h«t 
also  to  match  them  with  colored  w^ools.     The  instrument  must  be  so  con* 
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structol  that  by  a  sjM^'ial  device  any  color  of  tlie  spectrum  in  variable  witltli 
can  be  exposeil  alune,  and  that  this  sj>eftinl  color  is  indicated  by  a  sailc. 
Hirschberg  had  a  double  spectroscope  made  for  him  which  is  fully  described 
in  the  Cknfraibhttt  filr  pniliificke  Auf/rnhelikumify  Bti  iii.  S.  55,  1879.  The 
patient  id  here  euableil  to  match  a  given  spectral  color  with  another  imme- 
diutely  below  it.  It  allows  further  of  the  superira position  of  any  two  parts 
of  the  two  sjieetm,  to  see,  for  example,  whether  two  colors  are  cumplo- 
mentary.  Thc^e  spet*troseopic  examinations  are  esi>ecially  useful  because 
they  enable  the  examiner  to  determine  exactly  wliether  the  spectrum  at 
eitlier  end  appears  shortened  or  not,  and  also  whctlier  there  exists  a  neutral 
band  of  gray  in  the  spectrum,  the  pifsenec  of  which  alone  would  indicate 
color-blindness  without  further  examination.  This  method,  of  course,  can- 
not well  be  employetl  for  the  examination  of  large  bodies  of  men,  but  i>er- 
haps  ought  to  L>e  more  used  for  fine  clinical  work,  as  by  it  the  colors  are 
awurately  fixed  cjTiantitit^  and  aUow  other  investigators  to  verify  the  work 
under  the  same  conditions.  As  the  Committee  says,  *^  The  test  with  tlie 
spectroscope  requires  an  apparatus  somewhat  complicated  in  const rueti<*n, 
and  therefore  exijcnsive,  bat  it  should  be  applietl  wlien  an  appeal  from  the 
verdict  of  the  examiner  is  made.*'  Captiiin  Abney  *  lately  has  constructed 
an  apparatus  which  enables  a  pat4*h  of  what  is  practically  pure  monochro- 
matic light  of  any  8j>ectrum'C*)lor  to  be  platted  upon  the  screen  at  once,  and 
an  equally  large  patch  of  white  light  alongside  of  it  by  means  of  the  beam 
reflected  trom  the  first  surface  of  the  first  prism. 

The  s{KX*tra  of  different  metals,  like  sodium,  thallium,  etc.,  have  also 
been  made  use  of.  E.  Rose  invented  in  1863  his  jK)lariscoj)e,  or  color- 
measurer,  which  is  much  landed  by  Hehnholtz  and  Pfliiger.  The  principle 
is  to  compare  two  complementary  colors  produced  by  a  quartz  plate  cut  at 
right  angles  to  its  optic  axis  between  a  Nicol's  prism  and  an  Iceland  spar.^ 
The  patient  if  color-blind  will  find  on  turning  the  prism  that  in  a  certain 
position  the  two  complementary  cohirs  are  equal,  wiiieh  shows  at  on(]«  what 
colors  are  confoundeil  by  him.  An  instrument  of  a  similar  kind  was  con- 
strnctetl  by  Helmholtz  and  ciilled  by  him  the  leukost:'0}x\  As  both  these 
last  instruments  have  not  been  used  nnich  and  are  exi>ensive,  the  leader  is 
laferred  to  the  original  paj>ers^  for  a  full  description.*  A  similar  instrument 
is  the  ehromatophotoptometer  of  Chibret/''  in  which  also  complementary 
colors  are  compared  with  each  other,  with  this  advantage,  that  the  colors 
may  be  given  any  degree  of  saturation  desired.  Here  the  quartz  plate  used 
is  cut  parallel  to  its  optic  axis. 

1  Color  Measurement  ftnd  Mixture,  1891. 

»  Belmboltz,  1«TC.  cit.,  p.  372. 

'Virchow'B  Arcbivj  Bd.  xxviii.  8.  30,  1868;  A.  Konig,  Wiedemann's  Annalen, 
Bd,  xvjh  S.  990,  1882. 

♦A  simple  devk-e  to  e<»nvert  Javal's  opljtbalmometnr  into  a  go<:)d  chrornfltonieter  of 
the  aanu*  kind  Is  i;iv*'n  br  L>r.  C.  Wdland  in  the  Arcb.  of  Opbtbiil.,  vol,  xxiv\,  Nti.  3,  1895. 

*  Bulletins  et  mdmidrua  du  la  Societe  iVan^ftise  d  Upbthiilmologie,  Janvier^  1885. 
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I.  Clerk  Maxwdl  in  1855  fii'st  proiHi?ved  aiilored  segments  on  a  re- 
volving disk  fur  the  examination  of  the  cliromatie  sense.  This  method 
has  been  much  used  by  Woinow  since  1870,  It  gives  aecnrate  results,  but 
it  requires  a  great  deal  of  patience,  l>oth  on  the  side  of  the  examiner  and 
on  that  uf  the  exaniint^,  so  that  it  mnnot  l>e  ustnl  for  large  numbers. 

Examinations  of  the  peripheral  fields  for  color  are  very  important  in  ease^ 
of  acquired  color-blindness,  whilst  they  are  only  of  scientific  interest  in  casts 
of  congenital  color-btiudness.  A  j>erimeter  is  used,  or,  if  this  is  not  at 
hand,  a  black  boai-d  may  be  taken.  The  patient's  head  is  fixed,  and,  one 
eye  being  covered,  tlic  other  h  made  to  look  at  a  wliite  or  gray  mark  in  the 
centre  of  the  perimeter.  Little  squares  of  from  ten  to  twenty  niillimetrt^* 
side,  if  possible  ditferently  colored  on  the  two  side^,  fastened!  to  a  l>lackened 
wire,  are  moved  along  the  black  background  of  the  arc  of  the  i>erimeter, 
and  the  degree  is  marked  down  not  only  where  the  (?oIor  is  lost  when  moved 
from  centre  to  periphery,  l>utalsn  where  it  is  ret^ognize^l  agtiin  wlien  biHinght 
from  periphery  to  centre.  Red  and  green  are  the  most  useful  colors  for 
t-esting  the  field,  l^ecause  it  is  with  them  that  jiathologit^l  defects  first  mani- 
fest themselves.  It  is  also  very  necessary  that  the  examiner  should  deter- 
mine the  field  for  his  difterent  colors  on  a  7iQnnal  |>erson  under  the  satTU 
condifionii^  be<'ause  the  piginciits  of  the  stime  name  are  by  no  nieauH  all  alike, 
nor  is  the  illumination  always  the  same.  Thus  he  will  be  better  able  to 
eliminate  the  accidental  faetoi-s  and  obtain  results  tliat  will  allow  accurate 
deductions, 

lu  testing  for  a  in^ntral  color-scotc^ma  there  are  not  so  many  precautions 
necessury  to  Ix*  observed.  The  patient  is  again  told  to  fix  the  same  i>oint 
ae  before,  and  now^  smaller  squares  of  ftilored  paper  of  from  one  to  ten 
millimetres'  *  side  are  taken.  They  are  first  held  to  either  side,  and  finally 
on  the  [X lint  of  fixation,  when  in  the  prcs<:'ncpof  a  marked  scotoma  tlie  color 
will  be  recHignized  to  one  or  both  sides,  but  not  in  the  very  centre.  If  the 
defk*t  is  only  partial,  the  color  will  appear  not  so  bright  at  the  point  of 
fixation  as  to  the  side  of  it,  for  which  examination  in  such  a  case  very  light 
shades  of  red  or  green  must  be  taken.  The  limits  of  the  scotoma  may  be 
niap|>ed  out  in  the  same  way,  if  the  squares  are  not  toii  large  nor  their 
shades  too  bright. 

Concftmons, — LcM>king  back  over  all  the  different  tests  mentioned,  it 
seems  that  at  present  the  beM  prmiieal  test  fi>r  congenital  color-blindness  is 
the  matclxing  of  properly  prepared  eoloretl  worsteds.  If  large  bodies  of  men 
have  to  he  examined  in  a  short  time  it  will  |X'rfiap9  Ik*  preiemble  to  pro* 
ceed  with  the  writer's  test  as  it  is  done  on  the  Pennsylvania  Railroad,  and 
make  only  the  final  examinations  uf  the  men  tlnis  singlnl  out  by  laymen, 
by  Ib>]mgren*s  metlmd.  Of  c^jurse  this  latter  nnist  becjirried  out  by  a  well- 
traintKl  man,  for  which  the  Council  of  the  British  Mt^lical  Association  on 


'  Cr  Groenouwi  in  Graefe*s  Art-hiv,  Bd.  xxatviii.,  1,  8.  28,  and  Ferimetrie,  by  Ole 
Bull  (Bonn,  1895). 
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the  efficient  oomtifol  of  railway  servants'  eyesight  considers  a  qualified  nuxiiail 
man  to  be  neoessair  who  hin3s*»lf  must  have  been  found  of  normal  ei>lor- 
senae  by  a  consulting  opbihahuic  surgeon.  Other  tests  may  be  used  as 
auxiliary  ones,  as  the  pseudo-istx^hromatie  tables  of  Stilling,  the  siRH^-trostx^jie 
t^t  for  the  finer  diagnosis  or  for  n:*duLt<l  ctilur-st^nse,  or  the  test  for  central 
color* vision  by  Donders's  method.  Ami  indeed  in  Holland  the  government 
demands  this  last  examination  of  the  tvntnU  i^dor-sense  to  eliminate  a 
central  color-scotoma.  Such  a  ceuti'al  I'lilor-st^toma  etnild,  however,  l)e 
induced  only  by  disease;  and  with  reganl  tu  tliis  the  ConmiittcL*  remarks 
that  "special  tests  for  color-blindne^  induced  by  disease  will  very  rart4y  be 
necessary*  if,  as  should  always  be  the  case,  eveiy  cjicamination  for  ct>Ior- 
vision  is  preceded  by  one  for  ft>rm.-*  ^  The  Conimittet*  winild  "  trly  rather  on 
the  forni'-test  being  sirittgeM^  carnetl  out  than  on  insittuting  another  eohr-U'st 
for  this  particular  cloM  ofcohr-blhulne^a.^^  *  We  have,  however,  already  men- 
tioned tlie  possibility  that  atier  an  awideut,  t^oneiission  of  the  brain,  etc., 
the  color-sense  alone  may  become  aftWted,  the  visual  acuity  reiuaiuing 
perfectly  normal.     It  must  tie  farther  observal  that  what  we  call  normal 

OQ 

visual  acuity  is  a  very  relative  term,  so  that  ^,  the  usual  standani,  may 

in  a  good  Ught  be  read  by  a  young  pci-son  witli  re<luc©d  visual  acuity 

when  his  real  normal  standard  is  — -  or  even  — .    Such  may  have  been  the 

case  with  the  girl  reportetl  by  MacGillivray,*  wlio  had  apjjareiitly  normal 
visual  aenteness  and  recognized  colot-s  |>errLM'tIy  acx-ording  to  Holmgren's 
metlicHl,  but  liad  a  very  siuall  central  color-sc^otoma  foi*  reil  and  green,  and 
was  unable  at  three  hundred  yanls  to  distinguish  red  from  green  signals. 
It  seems,  therefore,  that  s<»-ealled  normal  vi.snal  uenity  i^s  not  alwavH  a  suf- 
ficient safeguard,  and  it  is  particularly  advisable  that  after  an  aeeident  snub 
an  examination  for  central  color-sense  should  l>egone  through  in  some  form 
or  other. 

A  case  of  cc^ntml  color-sootoma  caiistH:!  by  tlie  alniHc  of  t^iliaeco  Been 
recently  was  pmrapUy  recogiitztil,  and  its  extent  demonstrated,  liy  means 
of  the  red  and  gnviind  gla.sses  taken  fnim  the  test  oaae  and  a  candle.  At 
and  within  a  distxmce  of  thirty-three  centimctivs  this  man  ooidd  iTKL-^jgnisic 
the  red  txplor,  beyond  it  lie  was  color- l>lin*L  The  test-glasses  were  thiity- 
three  millimetres  in  diameter,  and  w^hen  placed  at  thirty-three  centimetres 
subtended  an  angle  of  about  six  degrees  and  gave  the  mm  of  the  seotonwi, 
limited]  to  the  distribution  perhaps  of  the  macular  fibres.  The  man  re- 
covered entirely  imder  treatment. 

Here  it  may  be  of  interest  to  gtate  bow  the  author  procee*ls  w^ith  the 
cases  sent  to  him  for  a  final  examination  as  to  (X)lor- blindness.     The  exam- 


"  Report  of  the  Committee,  p.  SOL 

'  Loc.  dt.|  p.  302. 

*  Britiah  Hedic&l  Joumtkl,  July,  1802. 
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ination  is  usually  made  by  the  following  means  aod  in  the  following  manner, 
as  dcBcribctl  in  tlie  J/ct/t<jtf^  News  tor  August  18,  1894 : 

1.  The  stick  or  the  new  test-skeins ;  or  brjth, 

2.  Holmgren's  set  of  one  hundred  and  fifty  various-colored  skeins  will 
be  used  J  and  the  proportion  of  mistakes  recorded, 

3.  Browning's  pocket  spectroscope  will  then  be  used,  and  the  man  be 
directed  to  describe  the  colors  he  sees  when  hxjking  through  tlie  instrument 
If  color-blind,  he  will  say  that  he  sees  but  two  colors,  yellow  and  blue,  w^ith 
a  gray  or  a  neutral  band  lietween  tliem. 

4.  The  colo rotables  of  Stilling  will  then  be  used  ;  these  are  so  arranged 
that  on  a  colored  background  letters  and  figures  are  printed  in  the  confusion- 
colors  of  this  background  so  as  to  be  indistinguishable  by  the  color-blind. 

It  now  becomes  requisite  to  test  the  central  vision,  and  to  determine  the 
power  to  jjerceivo  the  sigual-coloi-s  that  are  used  by  night. 

5.  A  piece  of  dark  cobalt-blue  glass  should  be  used  in  the  trial-frame 
over  each  eye  sejmmtely,  and  the  man  l>e  direi^ted  to  look  at  the  flame  of  a 
candle  or  other  small  light  from  a  distance  of  twenty  feet.  An  eye  normal 
in  refraction  and  color-sense  sees  the  light,  colored  rose  or  pink,  sm-- 
rounded  by  a  blue  halo.  To  a  hypermetroi>e  there  may  be  a  blue  light, 
with  a  rubV'Colored  ring  or  halo ;  but  two  colors  w^ill  always  l>e  seen, 
whilst  the  color-blind  man  sees  but  one  color,  blue,  or  a  light  spot  with  a 
blue  halo. 

6.  Donders's  instrument  has  a  standard  candle  in  a  dark  cylinder*  with 
a  Tvooden  disk,  and  pieces  of  red,  green,  blue,  and  wlute  glass  so  arranged 
as  to  he  rotated  in  turn  in  front  of  the  flame.  Here  also  the i^e  is  a  metallic 
slide  with  i>erforations  ranging  from  one  to  twenty  millimetres  in  diameter. 
The  man  is  placed  five  metres  away,  and  while  the  colors  of  the  light  are 
changed  by  rotating  the  disk  he  is  challenged  to  designate  the  colora  of  the 
transmitted  light.  The  normal  eye  recognizes  them  through  the  one- 
millimetre  opening  at  five  metres  ;  or,  better  still,  the  caudle  is  so  placed 
that  tlie  examiner  with  normal  color-sense  jnst  perceives  the  color  through 
tlie  one^millimetre  opening  at  five  metres.  The  color-blind  individual 
may  fail  through  a  series  of  ojx'nings  until  the  twenty-millimetre  one  is 
presented.  He  may  still  mil  w^hite  green,  and  reil  green.  If  so,  be  is  asked 
the  significance  of  the  green,  and  answers  **  caution.'^  He  is  then  requested 
to  approach  the  light  slowly,  and  as  he  does  this  he  may  [lerhaps  at  one 
metre  or  one-thinl  of  a  metre,  by  its  intensity  or  size,  recognize  and  call  it 
red.  Using  the  same  ratio  for  his  ctdor-blindncss  as  we  employ  for  his  acute- 
ness  of  vision,  we  can  reason  tlius :  Full  color-sense  enables  one  to  see  the 
lights  promptly  at  five  metres  through  the  one-millimetre  opening  ;  if  the 
man  sees  them  only  after  the  ajterturt^  have  been  increased,  his  color-sense 
must  be  defective.  Thus,  if  an  opening  of  twenty  millimetres  is  needed, 
the  color-sense  ^  ^ ;  should  the  man  fail  with  the  tivent^^-millimetre 
opening  at  five  metres,  he  is  told  Uy  appi*oach  it,  and  if  he  sees  it  at  one 
metre  he  has  j^  of  color-sense,  and  if  at  one-third  metre,  or  one  foot,  he 


DirTEcnoy  of  odldr- blindness;. 
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has  only  ^^  of  the  oomial  power.  The  meredimtnution  of  white  light  by 
inteqx)$iiig  pieces  of  LondoD  smoke  may  induce  the  color-blind  to  prooouiice 
it  in  turn  white,  green^  and  finally  rei 

7.  A  tin  lantern  with  a  switch-light  condenser  having  a  foiir-inch  open- 
ing arranged  so  as  to  admit  of  placing  pieces  of  white  (ground),  green,  red, 
blue,  and  London-smoke  glass  before  it  is  now  employed.  Thfa  could  also 
be  made  to  tuke  the  place  of  Donders's  instnimeut,  if  covered  with  a  fronts 
and  with  a  jsliding-piece  with  small  perforations.  A  man  failiug  to  recog- 
nize the  light  from  a  four-ineh  aperture  leaves  no  possible  room  for  doubt, 
and  this  fixture  is  useful  in  convincing  the  friends  of  the  man,  and  any 
railroad  offici.*n5  who  may  desire  a  rude  test.  The  light  is  in  diameter  one 
hundred  millimetres,  and  should  be  seen  at  five  hundreti  metres. 

8.  The  instrument  of  Mr.  Carter,  of  London,  k  tlien  made  use  of  This 
is  to  guard  the  surgical  expert  against  a  hasty  opinion,  and  is  to  act  as  a 
check  upm  all  w*ool-tests.  It  is  leased  upon  the  sensibility  of  the  retina 
and  its  power  to  recognize  form  and  color  in  various  intensities  of  light 
The  surgeon  and  the  man  examined  I'egard  the  tests  simuItaiiLXJOsly,  while 
the  quantity  of  light  is  varied  :  in  this  way  |x»ssible  errors  with  otlier  tests, 
especially  Holmgrt»n's,  can  be  avoided, 

9.  In  Dr.  Chibret's  instrument,  by  means  of  polarized  light  various 
colors  may  be  prcKlueed  at  wilL  Tlie  t^» lor- blind  betmy  themselves  by 
plaeing  the  instrument  so  that  two  dissimilar  disks  of  light  appear  to  them 
alike. 

10.  Finally,  an  assortment  of  flags  that  have  been  in  actual  use,  ten  of 
eac»h  color,  white,  green,  blue,  and  retl,  are  used  as  a  test.  These  are  thrown 
down  in  a  confused  mass  on  the  floor,  and  the  man  is  dii^rttnl  to  assort  them 
properly.  Astounding  mistakes  are  often  made ;  as,  for  example,  when  u 
man  is  dire<^ted  to  take  a  red  flag  and  use  it  to  protect  the  rear  of  a  train,  he 
may  select  a  green  one. 

A  profound  understanding  of  this  curious  defect  of  eolor-pcrception 
must  be  acf|uircd  to  enalile  the  surgical  expert  to  make  the  Ix'st  use  of  tliese 
various  methods,  and,  whilst  they  are  sufficient,  they  are  decisive  and  reciuiin? 
but  little  time.  Perhaps  the  transcript  of  one  case  from  my  recx>pd-book 
may  illustnitc  these  brief  descriptions ; 


J.  H.f  em|>l<)yed  by  the  PennsylvHnia  Sailroad  Co^,  fortj-tbriO  JOU9  otd;  fouttd 
defective,  and  releired  for  Una!  opioion, 

Color-Btick :  With  given,  select*  Nos.  1,  2,  3,  4,  6,  7,  11,  U,  15,  17;  with  row,  selects 
No8.  22,  25,  21,  27,  28;  with  red,  selet^ts  Nas   31.  B2,  33,  34,  37. 

Holmgren  :  Green,  aelects  2  gr^ns  and  21  oonfusions;  rose,  selects  5  greens,  with  18 
confusions;  red,  select*  8  gninis,  with  9  eonfcionB,  2  greens. 

Bonder?:  Fails  at  5  ni.  on  j*ll  apertures;  fails  at  1  m.  on  all  apertures;  |  m.  on  till 
apertyrea;  rolor-sense  less  than  yj^. 

Calls,  with  20  mm.  openings  green  red ;  red  green  ;  and  white  light  red. 

He  made  more  mi«takc*»  thun  successes,  with  gray  {Ltmdon-smoke  glass)  over  white; 
called  it  red  and  green,  m  light  was  increased  or  diminishedi  and  flnallj*  declared  that  he 
had  never  seen  such  lights  on  a  railroad. 
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Failed  with  switch -light,  4  inches  in  diameter,  at  6  m.  and  at  1  m.,  and  manifested  a 
color-blindness  or  deft^'t  greater  than  y^|  aa  he  failed  to  Ben  at  1  m.  what  a  noroial  eye 
would  recognize  infallibly  at  600  metres. 

Cobalt-glass ;  Sees  white  light  with  blue  halo  ;  no  red  or  rose. 

Flags:  At  1  m.  calli*  dirty*wbite  green  ;  faila  to  dbtingoieh  red  from  green.  He  was 
then  told  to  select  from  a  pile  of  flags  the  danger-signal,  or  red  one,  and  to  hurry  back  and 
protect  his  train  j  with  hi*  own  hands  and  deliberately  he  chose  six — three  red,  two  green, 
and  one  blue — stating  that  **  they  would  all  stop  train*/' 

Stilling'*  tables ;  Fails  in  all  but  VII,  which  should  b*.^  recognized  by  a  c^»lor-blind. 

Froiiouiiced  color*b!ind  and  unfit  for  any  duty  in  which  he  would  govern  his  at-tions 
with  color^ignals. 

Fioally  we  come  to  the  question  of  re-examinatio7i  for  color-blindnesa. 
That  color-blindaess  of  the  congenital  tyj>e  is  never  acquired  there  can  be 
no  doubt.  Therefore  it  can  be  only  the  acquired  form  that  can  appear  in 
an  individual  who  ha^  once  successfully  ^mssed  a  cart^fully  conducteil  exam- 
ination tor  color-hlindneas.  As  abuse  of  tobacco  and  alcohol,  concussion  of 
the  brain,  cerebral  disease,  diat>etes  mellitus,  albuminuria,  syphilis,  rheuma- 
tism, and  even  some  acute  fevers,  may  produce  color-blindness,  it  seems 
neoeesary  that  the  employees  should  be  retested  from  time  to  time,  say  every 
third  year.  It  would  probably  mostly  suffii-e,  as  the  Committee  thinks,  to 
test  the  form-staise  ahuiej  though  in  doubtful  eases,  especially  of  young  men, 
an  ophthalmic  examination  of  the  central  and  peripheral  color-vision  ought 
not  to  be  omitttxl.  It  seems  further  d(*sirable  that  after  each  accident  that 
may  be  attribut*^!  to  defective  eyesight  the  employ ec*s  involved  in  it  should 
be  tested  Si^in  as  to  their  visual  acuity  and  color-perception,  and  that  all 
other  witnesses  who  testify  as  to  the  color  of  a  signal  should  be  examined  as 
to  their  color-perception.  But  not  only  the  employees,  but  also  the  tet^ts  used 
for  the  detection  of  color-blindness,  as  well  as  the  colors  of  the  signals  used, 
should  be  re-examined  from  time  to  time  by  a  scientific  expert,  as  stated 
before,  not  only  to  protect  the  public  properly,  but  also  to  insure  justice  to 
the  men. 
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BY   S.  D.  RISLEY,  A.M.,  M.D.,  Ph.D., 

Professor  of  Ophthalmok^gy  in   the  Philadelphia  Polyclinic  ftod  College  for  Graduates 
in  Medicine ;  Attending  Surgeon  to  the  WiU«  Eye  Hoapital,  Phikdelphia, 


ilflikinTARy  scienc'*'  t-an  have  no  more  imi>ortant  or  fruitful  field  of 
application  than  is  presented  in  our  etlncatioiia!  institutions.  lu  the  sehool 
gtatisties  of  our  Census  Bureau,  a>llatt^l  under  the  admirable  management 
of  Mr,  James  H.  Blml^tt,  it  appeal's  that  dnrin^r  the  years  1889-1890 
there  were  in  the  various  schools  and  colleges  of  the  United  States  more 
than  fourteen  railHons  of  pupils.  When  we  consider  that  this  vast  army 
of  students  is  composed  of  those  to  whom  the  destiny  of  the  nation  is 
to  he  s|>eedily  committed,  it  is  obviously  important  not  only  that  their 
mental  and  mond  training  should  lie  wisely  conducted,  but  that  great 
care  should  be  exereistxl  to  avoid  physical  degeneracy  during  the  ycara 
of  schrx*I  life,  w^hieh  are  also  the  years  of  physiological  growth.  It  is 
reasonable  to  ex|xx"t  that  some  degree  of  physical  deterioration  w*ill  result 
from  depriving  young  children  of  the  freinlom  of  t!ie  nursery  and  play- 
ground auil  subjecting  tliem  to  the  confinement  and  tasks  of  the  school- 
room  ;  but  obscTvation  has  sliown  that  a  considerable  percentage  of  those 
w^ho  enter  upon  the  educational  |)r<:)cess  in  apjiarently  good  health  soon 
manifest  impairwl  general  vignr,  acquire  distorted  spines,  and  develop  near- 
sight.  It  is  plainly  important,  thereforej  that  due  regard  should  be  paid  to 
the  liygienie  environments  of  the  children^  and  that  the  work  of  the  schools 
should  be  so  iTgidatcd  that  it  sliall  rest  as  lightly  as  possible  upon  the 
growing  child.  It  does  not  fall  w^ithin  the  design  of  tliis  pa])er  to  con- 
sider the  subject  of  general  hygiene,  except  so  far  as  it  has  a  more  or  less 
direct  bearing  upon  tlie  vision  of  the  school-children.  The  important 
!  questions,  therefore,  relating  to  eihicational  methods  and  the  general  mni- 
tation  of  scliool-buildings  will  l>e  dismissed  from  any  extended  considera- 
tion, and  attention  will  Ijc  devotixl  to  the  nature  and  causes  of  impairment 
of  vision  durin*^  the  vears  of  school  life. 


PART  I.— DEFECTS  OF  VISION  IN  THE  SCHOOLS. 

It  w^as  recognised  at  the  beginning  of  the  present  century  that  the 
requirements  of  schtx>l  life  resulteil  in  injury  to  the  eyes  of  many  of  the 
children.  A.  G,  Beer  published  a  treatise  on  **  Healthy  and  Weak  Eyes*' 
Vol.  II.— 23  353 
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in  1800,  in  which  many  imjjortant  hints  U)  teachers  are  given.  (Cohn.)  Id 
1813,  James  Wai'e,  of  London,  published  his  well-known  investigations,  in 
which  is  fimnd  the  first  alhir^ion  to  the  ivkiti*>n  lietwwn  the  inYopie  eye  and 
the  demands  of  civi Uzim:!  lilii  that  has  come  under  my  notice.  No  other 
examinations  seem  to  have  been  made  until  those  by  Szokalski  in  Paris, 
in  1848.  These  were  fblloweJ  in  1856  by  the  published  investigations 
of  Schurmayer  in  Baden^  in  1861  by  tho^e  of  Yon  Jaeger  in  Vienna,  in 
1866  by  th(;se  of  Rneta  in  Ijeipsie,  and  in  1867  by  thot*e  of  Reek^  Alex- 
ander, Gaertner,  and  Cohn.  The  examination  of  the  eyes  of  ten  thousand 
and  sixty  eliildren  by  Cohn  in  the  schools  of  Breslau  and  vicinity,  and 
the  publi shell  results  of  bis  extensive  investigation,  gave  a  great  inifx^tus 
to  the  discussion  of  the  subject  of  school  hygiene.  So  nnnierous  were  the 
exaniinatious  made  by  different  observers,  that  in  1S85  Randall  collected 
the  published  records  of  one  hundred  and  foily-six  thousand  five  liumh'etl 
and  twenty -two  examinations,  and  at  the  present  time  mom  than  two  hun- 
dred thousfuid  pupils  of  all  grades  have  br^n  subjected  to  a  more  or  less 
critical  study  of  tx'ular  conditions,  particularly  as  to  the  relative  frequency 
of  cmmetropia,  hypermctropia,  and  myopia.     (Fig.  1,  '>,  Oy  and  e.) 

FlQ.  1. 


\H 


Diagram  iUuiitrating;  Ihc  refracaon  of  parallel  mys  of  light  iu  liyp«rmetfopla  (a),  ecimetropia  (5), 

iind  iD>'opia  (r). 

The  results  of  the  great  lal>or  Wstnwed  upon  the  collection  of  these 
Voluminous  statistics  are  too  well  known  to  need  any  detailetl  pi^esentation 
or  any  extended  reference  to  the  hibliogra[»hy,  Statetl  in  general  terms,  it 
was  shown  that  the  eyes  witb  hypermetropic  rciraction  greatly  outmunbercd 
the  emmetro]>ie  and  myopic  eyes,  |iartlcularly  during  early  ebiklhocKl  ;  that 
tlie  emmetropic  eye  wa,s  comparatively  rare,  but  that  the  state  of  iT^fraction 
moat  nearly  approaching  this  ideal  condition  retained  an  almost  uniform 
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percentage  throughout  school  life ;  that  myopia^  extremely  rare  or  entirely 
alKsent  l>eforc  the  bt^g inning  of  the  edueatioual  proc*i\s,s,  was  found  to  advance 
steadily  in  peit^ntage  with  the  progress  of  the  pupils  in  the  schools,  while 
the  percentage  of  hyjMTinetropia  dimiuished  in  approximately  tlie  same 
degree^  Figs,  2  anti  3  will  serve  to  illustrate  this  geneiid  truth  as  set 
forth  in  the  published  statistics.     The  figures  on  the  left  of  the  diagram 
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refer  to  percentages,  while  those  at  tlie  Ijottom  represent  the  agtMir  advance- 
ment ID  school  life,  J?i  ^:  hypermetropia,  £m,  ^  emmetropia,  and  Jf,  == 
myopia.  Witli  varying  results  as  to  actual  percentao:fS,  due  in  jKirt  to 
different  standards  and  to  different  meth^xls  pursued  in  the  invt«5tigatiou, 
the  same  general  truth  was  set  forth  with  remarkable  uniformity  in  the 
work  of  all  observers.  In  Cohn's  statistics  the  following  progi-ession  in 
the  jiercentage  of  myopia  was  shown  in  the  various  schools  examined 
by  him  : 

Percent  of  Myopia, 

Five  viUajjfe  schools ......,.,.,.♦ 1.4 

Twt^nty  f?li.^nientary  schools G.7 

Two  hi i^Wr  girls' *ichoola »  7.7 

Two  iiirtTmediHtf^  hcIiooIs  ...,..., ,    ,    ,    .    .  10.3 

Two  rr'alechtilon 19.7 

Two  ^yninnsiumfl ♦.,....  26.2 

Among  the  students  of  the  uoivei-sity  he  found  that  the  percentage  of 
myopic  eyes  had  advaueefJ  to  5^.5.  He  very  properly  concludes,  therefore, 
that  not  only  does  the  numlKT  of  short-sighted  pupils  increase  from  ttic 
lowest  to  the  higheM  seh(K>ls,  but  that  the  increase  is  in  direct  pro|K>rtion 
to  the  length  of  time  devoted  to  the  straiu  of  school  life.     Allowing  the 
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^H        work  of  Professor  Colin  to  stand  as  representing  the  main  tnitbj  verified        ^^ 

^H        by  a  large  nnnilxr  of  European  observers,  we  turn  to  the  work  done  in             M 

^B        this  country.     It  will  be  obeervetl  in  these  statisties  that  there  is  also  a        ^H 

^H        continuous  progression   in   the   percentage   of  myopia   in   the  American        ^^ 

^H        schools  as  we  prtx*ee<:l  from  the  lowest  to  the  highest  grades.     In  the  ft^llow-             1 

^H       ing  table  (Table  I,)  only  the  work  done  by  American  observers  is  presented,             1 

^^^^^                                                                                   ^H 

^^^^^^^P                                                    VfQVLK  OF   AMERtCAK   OBSEBVfiltS,                                                                                  U 

^M          Year. 

Observer. 

Locality. 

Ag^. 

InsUtutlon. 

No. 

cent.            ^^M 

H 

Gallan. 

New  York. 

5-1^ 

Negro  Schools. 
Primary  Department. 
Gmmnmr  Schools. 

467 

7 
? 

^1 

^M^     1876 

IroriBE^  and 
Derby, 

New  York. 

e-21 

Primary'  4Scboi»is. 

205 

^H 

District  S< 'bonis. 

249 

^H 

Normal  Stboiil. 

679 

^H 

Children  of  Germans. 

. 

^H 

Children  of  Americatis. 

20          ^H 

Children  of  Irish. 

^H 

^^^   1677 

"Williams 

Clndnnati. 

? 

District  SubiMilg. 

680 

^H 

and  Ay  res. 

Inti-rmediate  School*. 
High  Schmvlr^. 

210 

210 

B^    1877 

Aguew. 

New  York. 

? 

New  Yi>rk  College, 
Bn M 1  k  1 V 0  Pol y t < 'oh iiic. 

Aciidt-'in  10  Department. 

Collejjiutt?  Department. 

579 
300 
142 
158 

19           ^H 

^^^    1871 

H.  Bi^Thy. 

Boston. 

l$-24 

Andierkt  College. 
Hfjwurd  Collf  (Tp, 

18S0 
122 

H 

Bacon. 

Hartford. 

7-17 

District  Scholni^. 

308 

^H 

■           1877 

Stevens. 

Hartford. 

7-17 

District  Scliolarfl. 

675 

^M 

H           1881 

Rifiley. 

Philadelpliia 

8i-171 

Primary  Schools. 

Average  age,  8 J. 

Averiigenge,  11  f 
Grammar  8cbfx>ls^  age  14. 
Normal  Schools,  age  17 J. 

228 
228 
430 
553 

^1 

^          1882 

Mittendorf 

l^ow  York. 

■    «   ■ 

Primary  Schools. 

203 

^H 

and  Derby. 

Grammar  Sehuols. 
Grammar  Schools, 
Colltgi*  Students. 

698 
890 
201 

85             ^H 

H 

H.  Derby. 

Ma^sachu«ettg. 

21-20 

Amherst  CoUfge. 

2o4 

^H 

H            1884 

Gur(ln**r* 

Sprini^fleld. 
Pbiladelphia. 
Kan?ias  City. 

? 

Several  School s. 

lOSti 

^H 

H            1885 

Randall. 

19-34 

Student*  of  Medicine. 

90 

^H 

H            1887 

Tiffany. 

7 

Ditferent  J3<-h(w>ls. 

2040 

^1 

^^^  and  it  is  so  tahnhited  as  to  show  at  a  ^lancx*  the  stc^ady  inci*easc  in  the       ^^ 

^^^V  percentage  of  myopia  with  the  advauee  iu  age  of  the  pupils*     In  Taljle        ^J 

^m        II.»  arranged  fi'om  RandalFs  tables;^  the  work  of  the  same  obsen^ers  is  again        ^H 

^B        tabulated,  the  j^ercentage  of  other  states  of  rt^fraction  being  also  shown,  (See        ^M 

■        table                                                                                                                            ■ 

^m              It  is  plain,  tlierefore,  that  the  same  problem  confronts  us  in  the  United        ^H 

^M        States  as  ^vas  presented  for  solution  to  EurotK\nn  observers.     Although  t!ie        ^H 

^M        percentage  of  mvopia  is  not  so  high  among  advanoetl  students  and  in  the        ^H 

^^^^■^                     1  American  Journal  of  the  Medical  Sciences,  July,  1885.                                    ^^M 

^^^—               i~L^^^^^I 
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higher  elasse??  of  onr  public  sc^hools  as  was  shown  to  exist  io  the  older  civ- 
ilizations of  Eury|H*,  nevertheless  the  fact  of  its  steady  increase  is  clearly 
demonstmted,  and  in  the  lower  classes  it  difierB  but  little  from  that  shown 
in  the  European  statistics. 


THE  SIGNIFICAJfCE  OF  MYOPIA. 

The  full  bignificamt*  of  the  figures  is  appi'eciatedj  however,  only  wben 
viewed  from  tlie  stund-jjoint  of  the  genesis  of  tlie  myopic  eye.  It  will  be 
seen  from  any  careful  study  of  the  statistics  of  scliot4  examitiatioiis  that 
the  production  of  myopia  was  the  striking  fact  presenteii,  and  tliat  it 
fnrnislied  a  basis  of  disi'ussion  as  to  the  hygienic  requirements  of  the 
schijols.  It  is  worthy  of  observation  tliat  tlie  very  frefpieney  and  uni- 
formity of  its  occurrence  gave  rise  to  the  inquiry  in  the  minds  of  some  as 
to  whether  myopia  was  to  l>e  regardtii  as  im  evil :  was  it  not  rather  a 
mani testation  of  normal  evolutifin?  In  couiinuation  of  this  projiosition 
tlie  well-known  facts  were  cited  that  the  small  or  hypermetropic  eyeball 
(Fig.  1,  a)  is  always  present  in  animals,  in  infants,  in  the  uncivilized 
race's,  and  in  those  who  pass  their  lives  in  employments  of  the  grLisser 
sort,  while  myopia  (Fig.  1,  c)  is  almost  unknown  under  these  conditions 
of  life.  In  tlie  sfatisties  of  school  examinations  it  was  shown  that  at  the 
Wginning  of  school  life  hypermetropic  eyes  were  more  numerous  than  both 
emmetropic  and  myopic  combined,  but  with  tlie  increase  in  the  peree^ntage 
of  myopia  it  was  found  that  the  i>ercentage  of  hypermetropic  eyes  dimin- 
ishwl  in  ap|>roximately  the  same  ratio,  the  internum iiite  emmetropic  eyes 
remaining  in  nearly  uniform  percentage  through  all  the  classes.  The 
figures  swmeil  to  teach  tliat  the  refraction  of  tlic  human  eye  steailily 
increase<l  iluring  the  years  of  school  life,  wliich  are  also  the  years  of  growth 
in  stature.  This  suggc?sted  the  possibility  that  with  the  growth  of  the  body 
the  small  hyjK*rmetropi<^  eyelwiU  of  infancy  and  childliood  was  also  out- 
grown,— it\,  developed  into  the  larg*?r  emmetropic  ball, — and  this,  under 
tlic  strain  imposed  by  the  reciiiiremeots  of  school  life,  passetl  into  tlie  large 
my*>pic  eye ;  some  even  maintaining  that  it  was,  in  fact,  better  adapted  to 
the  exigencies  of  civilijiation  than  either  the  emmetropic  or  the  liy|K*rmetropic 
eve.  In  a  wonl,  tlie  change  of  n^fraction  was  to  be  rcnrarded  as  a  procx^ss 
of  normal  evolution,  *'an  appropriate  adaptation  to  tlie  act  of  work.'*  In 
this  connecition  it  should  lie  rememlierecl,  however,  that  the  adult  Indian^ 
the  iarmer,  and  thedav-lalnjrer  do  not  outgrow  their  liyix*rmetro|ua,  and  that 
the  myopic  eye  results  only  under  the  sti*ess  of  those  employments  which 
retpiire  the  protractetl  use  of  the  eyes  at  near- work.  Moreover,  myopia  is 
not  a  characteristic  of  the  student  any  more  than  of  the  artisan  whose 
trade  requires  ac<"urate  near-vision,  providtxl  only  that  his  work  was  begun 
early  in  life.  The  wlitorial  sanctum,  for  example,  is  no  more  liable  to 
develop  myopia  than  the  composing-room.  Cohn  found  fifty-one  and  a 
half  p<T  cent,  of  near-sight  among  the  compositors  of  Breslau,  and  I  have 
myself   frequently  witnessed   the   most  malignant   forms  of   progressive 
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iBVOpia  among  compositors,  join  el's,  and  hras^- turners  in  Philadelphia. 
Then^fore  it  rauist  be  shown  tliat  the  increase  in  the  rciVartion  of  the  eye 
is  consonant  with  the  health  of  the  organ,  and  that  it  is  condncive  to  gi^ater 
comfort  aud  iLsefohiess  to  the  individual,  before  we  can  at^'pt  the  view 
which  regarils  the  myopic  eye  as  a  niani f eHtatiun  of  nornial  gruwtb,  or  of 
**  an  appropriate  adaptation,"  If  in  eitlier  or  both  of  the^  respects  demon- 
stration is  wanting,  nr  if  the  contrary  sliould  appear  on  sutfieient  invcstiga-. 
tiun,  tlieu  the  increa.^ing  percentage  of  near-sight  in  the  eommouity  niustl 
be  classed  among  the  baneful  physical  ivsiilts  of  our  civilization. 

That  til  is  increase  oi*  refmction  in  the  human  eye  is  not  a  physiological 
process  finds  ample  demi lustration  in  many  simple  facts  open  to  eommon 
observation.  In  eonminuities  where  the  vo«itious  are  of  such  a  nature  tts  I 
to  demand  but  little  accurate  vision,  the  necessity  for  care  of  the  eyes  is  not 
felt,  sintn:*  the  strain  at  near-work  in  ill-liglited  rooms  is  not  reqnirtMi. 
Examples  are  found  in  farming  districts  aud  among  those  engiiged  in  the 
coarser  mechanicid  pursuits.  If  the  children  from  these  communities  arc 
sent  to  school,  or  int^j  the  Cinniting-rooms  i>f  mcrttmtile  cstablishmentSj  or 
are  placed  at  some  mechauieal  employment  demanding  accumte  vision  for 
many  hours  daily*  the  problem  of  how  to  prevent  injury  to  the  eyes  soon 
obtrudes  itself.  When  we  study  the  nature  of  the  ensuing  injury  which 
may  befiill  tlie  sciiool-<4iild,  the  clerk,  or  the  ait isau,  wc  find  first  of 
all  that  it  is  atteude<l  with  certain  subjective  symptoms^ — e.g,,,  headache, 
painful  eyes  and  impaire<l  vision,  undue  sensitiveuess  to  light,  and  in- 
creased 1  aery  mat  ion, — all  tlie  syniptoras  being  aggravated  by  work  at  the 
near-pjint  or  by  exposure  to  strong  light.  A  earefid  study  reveals,  during 
the  early  history  of  these  eyes,  a  more  or  le^  ionic  cramp  in  the  accom^i 
mofhlioH^  injfdcd  exlcrna!  tunivs,  and  great  hyper*rmiu  of  (he  optic  nerve ^ 
reiinttj  and  chorioifL  The  subji»ctive  symptouis,  together  with  the  intra-ocn- 
lar  hyjK'nemia,  subside  under  restj  but  recur  when  work  is  resnmt^h  If  the 
refmction  is  m^opic^  the  degree  of  myopia  steadily  advances,  aud  is  attended  i 
with  certiiin  iutra-(x:ular  changes  ot*  au  unquestionably  patliological  char- 
acter, which  also  steadily  advance  with  the  increasing  i*efraction.  If  tlie 
eyes  are  hifpctmetropic,  they  have  been  obsiTved,  in  a  large  group  of  cast^j 
to  be  hereatter  noted,  to  ineivase  their  reliction  ;  but  in  each  instance  tlie 
increase  was  attended  with  advaneiug  pathological  eouditions  of  the  intra- 
ocular membranes  of  the  same  nature  as  those  observed  in  the  myopic  eyes. 
It  is  obvious,  therefore,  that  tlie  process  of  change  in  the  form  and  refractirm 
of  the  eyes  is  not  phygioh»gical  in  character.  Tlic  more  clnsely  we  study 
individual  examples  of  increasing  I'eiraction  the  more  forcibly  does  the 
patliological  signific^m^  force  itst^If  ujion  tlie  attcutitm.  These  studies 
of  individual  cases  shed  much  light  upon  the  school  statistics,  since  the 
observed  conditions  are  the  same  as  those  which  at  a  later  stage  are  charao- 
teristic  of  the  eye  with  progrt\ssive  near-sight.  It  is,  for  example^  shown 
in  the  admirable  studies  of  Erisniauu  in  the  schfMds  of  St.  Petersburg 
(Fig.  2)  that  in  twelve  hundred  and  forty-five  short-sigh teil  pupils  there 
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were  but  five  per  cent,  who  were  free  from  pathological  conditioiis  of  the 
chorioid.  Of  eighteen  hundred  and  seventy-eight  myopes  observed  by 
Horner,  thirty-four  per  cent,  developed  dangerous  complications, — ^in  nine 
per  cent,  diseases  of  the  vitreous,  in  eleven  per  cent,  inflammations  of  the 
chorioid,  in  four  per  cent,  detachment  of  the  retina,  and  cataract  in  twenty- 
three  per  cent.*  In  my  own  work  in  the  schools  of  Philadelphia,  sixty  per 
cent,  of  the  eyes  with  myopic  astigmatism  had  chorioidal  atrophies  or 
inflammation,  usually  at  the  temporal  margin  of  the  optic  nerve,  eighty- 
seven  per  cent,  exhibited  varying  forms  of  chorioidal  disease,  and  seventy 
l)er  cent,  were  asthenopic.  (Figs.  5  and  6.)  While  it  is  obvious  from  the 
foregoing  statements  that  the  myopic  eye  must  of  necessity  be  recruited 
from  the  other  states  of  refraction,  the  weight  of  clinical  experience  is 
certainly  opposed  to  the  view  which  would  regard  the  change  as  a  physio- 
logical growth. 

In  this  discussion  we  may  fairly  dismiss  from  consideration  the  extremely 
rare  congenital  myopia,  as  it  is  obviously  not  this,  but  the  acquired  and 
progressive  form  of  near-sight,  which  is  found  in  increasing  percentage  in 
the  schools,  and  which,  therefore,  interests  us  here.  In  these  eyes  it  has 
been  shown  that  the  increasing  refraction  is  brought  about  by  a  distention 
or  stretching  of  the  tunics  of  the  eyeball,  and  the  most  painstaking  study 
has  served  only  to  demonstrate  more  and  more  forcibly  the  pathological 
character  of  the  process.  The  important  lessons  which  were  taught  by  the 
four  cases  published  by  Arlt  in  1853,  and  by  the  careful  study  by  Ja^r 
of  the  changes  which  occur  at  the  entrance  of  the  optic  nerve  in  the  dis- 
tending myopic  eye,  are  fully  in  accord  with  clinical  experience  in  the 
treatment  of  these  eyes,  and  also  with  the  excellent  early  teaching  of 
Donders, — viz.,  "  the  progressive  elongation  and  progressive  short-sight 
advance  together,  and  this  advance  is  an  actual  disease.  I  maintain  with- 
out hesitation  that  a  short-sighted  eye  is  a  diseased  eye.  .  .  .  Progres- 
sive short-sight  is  in  every  case  ominous  of  evil  for  the  future,  for  if  it 
remains  progressive  the  eye  soon  develops  painful  symptoms  and  becomes 
less  equal  to  its  work  ;  and  not  infrequently,  at  the  age  of  fifty  or  sixty,  if 
not  much  eariier,  the  power  of  sight,  either  from  detachment  of  the  retina, 
or  from  hemorrhages,  or  from  atrophy  and  degeneration  of  the  yellow  sjwt, 
is  irrecovembly  lost."^  If,  then,  we  come  to  regard  increasing  refraction 
in  the  human  eye  as  a  manifestation  of  disease,  the  figures  in  the  school 
statistics  acquire  a  vital  significance  when  viewed  from  the  stand-point  of 
school  hygiene. 

The  obvious  association  of  the  increasing  percentage  of  myopia  with  the 
work  of  the  schools  seemed  naturally  to  fix  the  responsibility  for  the 
dis(*ase  upon  the  educ^ational  process,  and  leil  directly  to  efforts  for  the  dis- 
covery and  reform  of  faulty  educational  methods.     Much  care  was  devoted 


*  Vide  Cohn,  Hygiene  des  Auges. 

«  Cohn,  Hygiene  of  the  Eye,  English  ed.,  p.  49. 


No,  V. 


Pen  aketehesof  cre94?euUJ  <if  chorioidUto  nt  the  temporal  margin  of  the  opUc  nerve  in  asthenopic 
cyefl  with  hjrpermtHroptc  astigmiitUm  ftudi  iDcreuIng  refraction.  No«.  IV.  and  V.  Imve  &! read >^  acquired 
&  low  decree  of  myopia. 
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to  the  proper  vontil<ition,  liglitiog,  and  iiirDishing  of  the  school-bouses ; 
\\'hile  the  type  employed  id  die  jiriiititig  of  school-books,  the  script  used 
ill  writing,  and  the  position  assLitned  by  the  ehildreo  at  their  work  were 
subjected  to  the  most  rigid  scTiitliiy.  But,  notwithstanding  the  introdnction 
of  niueh-ncetled  reform  in  all  thes*  matters,  the  injurious  results  of  the 
educational  proLX*S8  were  not  notably  arrested* 

In  this  connection  auother  notable  fact,  set  forth  in  the  statisties  of 
Professor  Cohn  aud  others,  is  of  niueli  iniportauce, — viz.,  that  not  ojili/  the 
percentage  but  also  the  degree  of  near-sk/ki  wan  proffressive.  In  the  course 
of  a  year  and  a  half  the  average  degree  of  myopia  was  found,  on  a  second 
examination  of  the  same  pupils,  to  have  advanced  from  2  D.  to  2.75  D. 
Of  fifty-four  myojies  still  in  the  Fralerick  Gymnasium  at  Breslau,  twenty- 
eight  had  suffered  a  decided  increase  in  their  myctpia.  Von  Reuss  also 
re-examined  in  three  succee<Iing  years  tlie  eyes  of  the  same  pupils,  still 
remaining  in  the  Leopoklstadt  Gymnasium  in  Vien[ia,  and  found  that  after 
three  years  in  only  twelve  per  cent  of  them  had  the  myopia  remained 
stationary.  At  the  close  of  the  first  year  the  refraction  of  all  eyes  had 
increased  in  forty-seven  \wr  cent,  of  the  pupils  examinetl  ;  at  the  close  of 
the  9ect)nd  year,  in  fifty  per  cent, ;  and  a  tier  three  years,  in  sixty-one  jier 
cent.  (Cohn.)  These  i*esults  were  eonfirraal  through  repeated  examina- 
tions of  the  same  eyes  in  other  localities  l>y  Erismaun,  Reich,  Ulricli, 
Adamuk,  and  Just.  Dr.  H.  Derby  (Table  I.)  examiued  two  luindred  and 
fifty-four  students  at  Amherst  College,  and  four  years  later  found  not  only 
that  the  thirty-five  per  cent  of  myopia  present  at  the  first  examination 
had  incrcasixl  to  forty-seven  per  cent.,  but  that  the  average  degree  of 
myopia  had  advanced  from  1.8  D.  to  2.4  D.  These  statistics  have  an 
adiirtl  interest  from  die  fact  that  the  pupils  examined  by  Derby  wei'e  trom 
nineteen  to  twenty-six  years  of  age,  and  therefore  Ix^yond  the  years  of 
greatest  liability  to  progression.  They  wei*e,  furthermore,  ci>llege  students, 
and  therefure  not  subjet't  to  the  scliool-rooni  restraints  aud  limitations  of 
the  lower  schools.  It  is  a  signiticimtj  though  dis^^^'ou raging,  fact  that  the 
increase  as  fV>und  by  Cohn  Imth  in  the  percentage  and  in  the  degree  of 
myopia  had  taken  place  in  those  st^hools  where  he  had  especially  exerted 
himself  to  seizure  the  introduction  of  hygienic  i-eforms,  and  the  same  is  true 
of  the  observations  of  Just,  who  had  examintxl  tlie  eyes  of  twelve  huudretl 
and  twenty-nine  of  the  pupils  in  the  two  High  Schools  of  Zittau,  in  both 
of  wliich  the  hygienic  conditions  were  all  tliat  could  be  desired.  He  found, 
nevertheless,  that  the  excellent  arrangements  had  not  iu  any  degree  lessentxl 
the  percentage  of  increase  iu  myopia.  It  became  necessary,  therefore,  to 
ltX)k  beyond  faulty  hygienic  environments  for  the  cause  of  the  pathological 
states  representetl  by  myopia. 

A  closer  approach  to  tlie  problem  of  the  arrest  of  myopia  in  the 
schools  has  served  to  invest  it  w^ith  increaserl  difficulty .  Rea*ioning  a 
priori,  since  only  a  certain  percentage  of  the  cliildren  acN:juired  the  steadily 
distending  ball,  with  its  accompanying  disease,  it  was  probable  that  the 
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cause  of  injury  would  be  found  in  some  peculiarity  of  structure  in  these 
eyes,  or  possibly  in  some  spcdal  liability  to  disease  in  those  affected. 


HEKEDITAltY     PREDIBPaSlTiUN     AND     CX>X{JENITAL     ANOMALIES     IN    THE 
FORM    OF   THE    EYEBALL. 

The  wide-spread  popular  impression  that  near-sight  is  handed  down 
from  parent  to  «'hild  has  directed  attention  to  heredity  as  a  prolmble  foun- 
dation for  the  malady.  The  peculiar  difficulties  which  stand  in  the  way  of 
adequate  investigation  of  hereditary  influence  have,  up  to  the  present  time, 
prevented  any  sufficient  statistiral  answer  as  to  its  imp<>rtauce*  The  eiirly 
statement  by  Arlt,  ^*That  short-sight  itself  cannot  \w.  looked  upon  as 
hereditary,  but  only  the  tendency  to  short-sight,"  must  for  the  present  be 
accepted  as  expressing  all  that  can  be  claimed  for  the  dwtrine  of  heredity, 
and  it  is  probable  that  even  this  tendency  is  explaincnl  by  ceiiain  peculi- 
arities in  the  congenital  form  of  the  eyeball  itself,  or  possibly  by  certain 
anomalies  in  the  form  of  the  orbit,  as  urged  by  Stilling,  or  in  the  length 
of  tlie  optic  nerve,  as  suggested  by  Hasncr,  Emniert»  and  Weiss. 

Cohn  found  in  one  thousand  and  four  myniK's  that  only  two  and  seven- 
tenths  per  cent,  had  a  near-sighte<l  father  or  mother.  My  own  observa- 
tions, made  in  the  routine  of  professional  wurk,  liave  thus  liir  shown  tliat 
the  children  of  myopic  parents  have  more  frnjiiently  been  sutferei*s  i'rom 
bypermetroiii*;  astigmatism,  and  tliat  myopic  chiidren  have  quite  as  fre- 
quently had  parents  afflicted  with  hypernietrojiic  as  with  myopic  refraction. 
It  is  rare,  however,  to  find  myopic  children  in  families  where  l>oth  pan^nts 
have  normal  eyes,  Sluch  clinical  Jiiaterial  could  be  brought  for  wan!  to 
substantiate  the  above  statement,  were  it  within  the  scope  of  this  |mi>er  to 
enter  upon  tlie  critical  study  of  the  myopic  eye. 

Tbe  must  cursory  observation  will  show  that  physical  iXTfection  is  not 
a  characteristic  of  any  class  of  school -children.  Distorted  skulls,  crookal 
noses,  l>owed  legs»  etc.,  are  by  no  means  rare  exeeiitions.  The  statistics  of 
school  examinations  abunclautly  demonstrate  the  fact  that  the  eyes  are  also 
involved  in  this  [>hy8icid  degeneracy  from  anatomical  staudaitls.  The 
skull  is  esjiecially  liable  to  givat  variation  in  form^  as  ins|)ection  of  a 
hatter's  forms  will  show,  many  of  them  lieing  so  curiously  shapeil  as  (o 
appear  almost  grotesque  when  compaiXKl  with  tbe  diameters  of  a  model 
skull.  It  is  probable  that  certain  distortions  in  the  form  of  the  skull  affect 
the  shape  of  the  orbits,  and  that  any  niarked  change  in  the  plane  of  the 
orbitjd  walls  would  have  a  tendency  to  modify  tlie  size  and  iorm  of  the 
eyelmlb  That  this  is  true  I  have  had  tlio  op|iortunity  to  observ^e  in  a 
DumbfT  of  instances  of  higli  degrei^s  *tf  astigmatism  and  anisometropia, 
A  slight  distortion  in  the  eurvatuiH?  of  the  cornea,  or  a  few  millimetre's' 
shortening  in  the  antero-posterior  axis  of  the  ball,  introduces  more  or 
less  serious  disturbance  of  function,  sinxx'  the  dioptric  system  of  the  astig- 
matic eye  can  cast  only  imperfect  images  upon  the  retina.  The  struggle 
to  improve  the  sharpness  of  vision  by  accommoilative  effort  causes  undue 
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gtram  upon  eacli  eye,  and  distiirhs  alsu  the  pro[>er  relation  between  aecom- 
m*Mlatioo  and  the  binoi-ular  biilanee.  The  irritation  and  hypnemia  caused 
bv  these  anomalous  eonditious,  sooner  or  later^  in  a  large  number  of  indi- 
\nduals,  stH  up  the  pathological  states  wliieh  lie  at  tl»e  foiinihation  of  pni- 
gressive  near-sight.  Therefore  it  would  seein  tliat  if  heredity  has  any 
important  place  in  the  history  of  tlie  nt^^r-sigbted  eye,  it  lies  in  the  repnn 
duction  of  tlif*se  anatomical  defects,  I  aui  of  the  opinion  that  the  wn^ 
genital  anomalies  in  the  form  of  the  eyeball  are  heriHlitary  nither  tlian  the 
myopia  itself  or  any  tendency  to  myopia.  The  sliape  of  the  ilunily  skull, 
upon  which  the  family  likeness  so  largely  depends,  is  handed  dowo  with 
more  UDiformity  than,  possil)ly,  any  other  anatomii^il  jKvuliarity. 

Observations  are  nut  wantiug  whii-ii  demimstnite  c-liuically  the  im- 
portant relation  these  anomalies,  particularly  astigmatism,  bear  to  the  pro* 
duetiun  of  myopia.  Dr,  W.  F.  Xorris  lias  puhlishtJ  the  reiAirds  of  eleven 
Ciirefidly  ol>8ca*ved  cas<^,  in  each  of  which  the  advaueiug  refraeti(»u  was 
demonstrated  by  continuous  observation  extending  over  a  nuinl>er  of  years, 
and  by  re|K*at(Hl  measuiTuients  of  the  static  refnicttnn  of  the  eyes,  made 
under  the  use  of  strong  nmlriatit^.  Astiginatisui  wiis  present  in  all,  and 
in  each  case  there  was  demonstrable  chorioidal  ebauge,*  That  this  is  the 
history  of  some  cases  of  progressive  myopia  I  also  have  hail  oi>j3ortimity 
to  witness  in  a  considerable  uumlwr  of  patients,  the  detaikxl  recM>iHls  of 
which  liave  lxi?n  pul>lislie<l  in  seventeen  eases:  in  1880  a  group  of  four 
cases  in  the  American  Journal  of  the  Medkal  Sciences  for  Octol>er,  in  1884 
a  Mih  i-ase  (Transacfhns  of  the  Ameriean  Ophihalmoiogica!  Soeitiy,  vol,  iii. 
p.  751),  three*  ad^litiunal  cases  in  1885  {he,  ciL,  vol.  iv.  p.  102),  and  in 
1887  nine  aises  (foe.  cU,^  vol.  iv.  p.  t520).  Adding  these  seventeen  cases  to 
the  eleven  tibservt^l  by  N^»rris,  we  have  twenty-eight  examples  in  wliich 
the  change  of  refraction  was  observe  I  th  rough  a  series  of  years,  and  tlie 
static  refraction  of  esK'h  eye  repeatedly  tlcnionstntted  by  tlie  rigid  employ- 
ment of  a  strong  mydriatic  for  many  tlays.  Since  tlie  publication  vf  these 
cases  I  have  set^n  a  much  larger  nuinlxT  iiresenting  similar  fiistorics.  J/y 
omn  cases,  icifhout  exception^  passed  from  the  hifpermefropie  bail  orer  into 
near-sight  through  the  turnstile  of  astigmatimi.  In  all  of  them  the  oljservixl 
changi»s  of  refraction  were  attended  with  jnnn  ami  s\  nn>tnnis  of  cxtt^rual 
irritation, — eg.,  ble]>haritis,  eonjunctival  liypencniia,  iucrefise<l  latTyniatiun, 
undue  sensitiveness  to  light,  cte,,^ — while  the  opbthalnioscoj>e  revealwl 
advancing  pathtihigietd  changt^  In  the  ehf>ri4)i<l.  In  no  instance  (fid  these 
eyeSf  in  pasting  from  hypermetropia  into  ffUfopiay  become  emmetropic  at  anif 
stage  of  their  progress*  It  would  setnn,  therefore,  that  the  inherited  n)U- 
genital  anomalies  of  refraction,  partienlarly  astigmatism,  are  responsible 
for  the  myopic  eye,  by  virtue  of  tlie  patliHlngicjil  changes  they  cM^*asinn  in 
hard-worked  eyes,  rather  than  any  inherital  pn^lispf^sition  to  disease. 

In  the  I'dUtine  of  professional  work  the  study  of  tlie  very  obvious  rcla- 


1  Tratisactioii&  of  the  Amerirjin  Qpblhuhiiulogiciil  Society,  vol.  iv.  p.  869,  1886* 
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tions  between  asthenopia  and  the  anomalies  of  n?fi"action  and  aecoramoda- 
tion  has  served  to  confirm  tiie  teaeliing  of  Dtmdei's  (tkk  p,  -300),  wliile 
inci'easing  experience  in  the  management  of  these  cases  has  shown  that  the 
asthenopic  symptoms  are  attended  by  hyi>eriemia  or  aetual  diKC^ase  of  the 
ooidar  niembmnes  as  the  result  of  eye-strain.  Careful  repeateil  studies  of 
individual  eases,  as  noted  above,  have  demonstrated  that,  for  these  eases 
certainly,  the  tender,  readily  yifhling  selura  of  youth  had  disteudrJ  under 
the  strain,  and  the  probal>le  increase  of  tension,  produced  by  the  prolonged 
turgescence  of  the  intra-ociilar  tnnies,  thus  bringing  about  the  observed 
increase  in  the  refraction,  Wliat  was  tme  of  tliese  carefully  studied  cases 
was  (hniblless  true  of  many  others  also,  and  seemed  to  fiirnish  a  sufficient 
explanation  of  the  facts  set  fortli  in  the  schord  statistics. 

In  the  various  studies  different  observers  had  assumed  that  in  tJie 
process  of  evolution  the  short  liypermetropie  eyeball  {/t.  Fig.  1)  must  have 
passed  through  the  intermediate  stage  of  enimetropia  (A»  Fig.  1)  into  the 
long  myopic  eye  (c,  Fig.  1).  If  this  were  true,  it  would  be  reasonable  to 
exiH^et  that  in  the  approximately  ommctropie  eyes  would  Ije  found  the 
more  i*r  less  pronoun(*td  forms  of  disease  which  are  recognized,  when  setni 
at  a  later  and  more  advanced  stage,  as  chameteristie  of  progressive  myopia, 
— e.*/.,  chorioiditis  and  conus^  or  (wsterior  staphyloma, — while  the  incipient 
steps  of  the  prrxx^s  would  be  first  seen  in  those  hy]K>rnietropie  eyes  which 
were  ilt^tined  to  become  myopic^  Furtlierniore,  these  eyes  wouhl  in  all 
probability  have  lieen  the  subjet^ts  of  asthenopia,  thus  reveiiling  their  condi- 
tion and  probable  future  by  discomfurt  at  work. 

THE   EXAMINATION    IX    PHILADELPHIA   SCHOOLS. 

With  these  possibilities  in  mind,  opiMjitunity  was  secured^  through  the 
courtesy  of  the  lioard  of  Public  lulueation,  to  examine  the  eyes  of  the 
children  in  the  various  grades  of  the  Pliiladul|>liia  public  schools.  The 
investigation  was  undeiiaken  with  the  assistance*  of  the  following  corps  of 
thoroughly  competent  associates,  to  each  of  whtmi  was  assigned  a  definite  jmrt 
in  the  examination  of  every  [nipil :  Dn  James  A*  Wallaix?,  lh\  Charles  A. 
Oliver,  Dr.  J.  1\  Eskridge^  Dr.  Heilman,  Dr.  L.  B.  Hall,  and  Dr.  F.  M. 
Perkins.'  In  arranging  and  clalxii^ting  the  work  for  publicatii^n  I  was 
greatly  indebted  to  Dr.  B.  A.  Randall,  who  has  since  done  such  valuable 
work  in  independent  examinations  and  in  collecting  the  extensive  statistics 
of  s(4)otd  examinations.  The  following  details  of  the  method  pursued  are 
condensed  from  the  report  of  the  work  then  made.' 

In  order  to  give  the  statistics  a  true  value,  tlie  utmost  care  was  exercised 
throughout  to  avoid  inaocuracy.     Tlie  examinations  were  made  without  the 


I 


^  Ineludfd  in  the  st«tiitic«  are  the  result*  uf  the  QxamiDRtionB  made  by  Dr.  Edward 
JuckFon  in  t!ie  school-?  of  Wvst  Chester.  The  work  wns  conducted  in  the  mmt*  manner 
in  fill  ro4*p^^t8  as  in  th(*  Philadelphia  schools^  loid  hi*  results  were  recorded  on  the  sanoe 
blanks  as  those  then*  used. 

*  Transacliona  of  the  Medical  Society  of  the  State  of  PennaylTania  for  1881. 
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use  of  a  mydriatic,  but  everything  else  was  done  to  secure  an  aecorate 
diagnosis  of  the  existing  state  of  refraction.  In  order  to  pi'eserve  as  eoni- 
plete  a  rewjrd  as  possible  of  each  individual,  a  blank  form  was  prepared 
for  notiu)^  all  the  prinrijjal  features  of  the  case.  UiM>n  it  were  recorded 
the  age,  the  sex,  cxjiiiplexiou,  color  of  Imir  and  eyes,  the  state  of  the  general 
health,  and  the  condition  of  the  ejes.  Under  the  latter  head  were  recorded 
whether  the  eyi'S  were  comfortable  or  weak  when  used,  the  presence  of 
blepharitis,  coujiiucti\4tis,  (Xjrneal  nuicnla  f»r  strabismus,  or  any  other  con- 
ditiou  or  fact  liearing  upon  the  spernal  or  general  medical  history  of  the 
case.  The  sharpness  of  vision,  as  ehowu  by  Snellen's  test-types,  w^as  then 
carefully  i-econk^l  tor  each  eye  separatel\\  The  probable  prc^senr-e  or 
alfsent^  of  astigmatism  was  testc<l  by  uicans  of  l>r  Green's  astigrmitic 
charts.  If  lines  were  umpiestionably  seen  l>etter  in  a  given  meridian  than 
elsewhere,  the  direc^tion  sele<:*tcd  wils  recordetl  in  degrees,  The  range  of 
acconimodatiou  was  careiiilly  taken  with  ftnc  type, — D,  =  .50, — the  near- 
point  only  being  recorded,  except  in  cjises  of  myopia  of  2.50  D.  or  more, 
in  which  case  the  reniote-jKunt  was  also  recoitled.  The  presence  or  aljsenee 
of  muscular  anomalies  was  then  determined  and  noted. 

With  the  imjier  upon  which  all  these  data  had  been  recorded,  the  pupil 
entered  the  dark  room  for  the  oplithalmoscopic  examination,  which  was 
made  in  tlie  most  painstaking  manner,  and  with  the  aid  fiirnisheil  by  the 
facts  previously  ascertain<i!.  The  refraction  was  determined  by  the  oph- 
thahuosco|)e  wnth  all  possible  care,  and  any  existing  error  and  its  ap|>arcnt 
extent  were  reconkxl  Tlicn  the  tumlns  oculi  was  stndietl  in  detail  and  all 
notal>lc  changes  iwx'uratcly  dcscrilR'<l,  and,  ^\  here  permitting  of  rei>resentation, 
such  changes  were  sketchctl  ujKin  the  paper.  As  it  was  upon  the  ophthalmo- 
scopic determination  of  the  condition  of  refraction  that  most  of  the  subse- 
quent work  liitigal,  it  will  l>e  pro[)er  to  state  that  all  source's  of  error  were 
excluded  with  great  care.  The  shaq^ness  of  vision  and  range  of  accommoda- 
tion, as  pi-eviously  recordal,  were  carefully  borne  in  mind  and  usi^l  as  chixsks 
to  gtiard  against  mistakes ;  and  if  tiiere  ap(>eared  to  be  any  inconsistency 
between  them  and  the  apiMirent  condition  of  refraction  as  revealed  to  tlie 
ophtlialmosw|»e,  care  was  redoubled  to  find  the  source  of  variation.  Thus, 
^^  ^^  "  Zx'  "\Vt>p'**  ^^'^"^  iit  ouce  excludetb  Every  means,  other  than  the 
use  of  a  mydriatic,  was  cm|)Ioycd  t4i  remove  any  spasm  of  aecomm<Klati on 
which  might  simulate  near-siglit.  With  these  precautions  it  often  happened 
that  w4iat  liad  at  first  apjjeared  to  1k>  a  myopia  proveil,  under  the  examina- 
tion, to  Im^  enunetropia  or  even  hyi>ermetn»pia.  The  i^n^^jrd  thus  obtained 
w^as  a^  complete  and  free  from  all  siuirces  of  error  as  was  possible  from  a 
single  examination,  unless  a  nmlriatic  had  Ix^-n  employed,  and  upon  it  I 
should  not  liave  hesitat^:^!  to  venture  an  opinion  or  prcscrilw?  treatment  had 
that  been  the  olyect  of  the  diagnosis.  The  results  thus  obtaiiinl  were  ar- 
rangfxl  in  tabular  form,  in  the  onler  of  claBses  and  schools,  from  the  lowest 
grade  to  the  hitrhcst,  and  the  totals  and  i>ercentagcs  of  the  several  states 
of  retraction,  togetlier  with  the  attending  conditions  of  comfort  or  discom- 
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fort^  health  or  disease,  for  oach  group,  I'arefiilly  workwl  out  and  recorded 
uiiiler  the  appropriate  headings.  The  giMHipiiig,  therefore,  was  as  follows  : 
1,  (Em,)  Enimetropia ;  2,  (H.)  Hypermetropia ;  3,  (H.  As.)  Hyperme- 
tropic Astigmatism  ;  4,  (M.)  Myopia  ;  5,  (M.  As.)  Myopic  Astigmatism  ; 
6,  (Mixe4  As.)  Mixed  Astigmatism.  Uuder  each  group  w^re  arranged 
columns  in  which  were  reourded  the  Dumber  aud  percentage  of  eyes  which 
were  comfortable  or  asthenopi<\  vision  normal  or  loweit'd,  healthy  or  no- 
heaUhy,  and  a  special  heading  for  conns;  aud,  lastly,  a  se|iarate  grouping 
atxtmling  to  refraction  onl}'^  in  which  astigmatism  was  ignoixnl  in  order  to 
make  the  resulting  curves  readily  eoniparabhj  with  the  statistics  of  other 
observers.  These  tables  arc  omitted  here,  but  the  residts  of  the  investiga- 
tion are  gmphically  set  foilh  in  th(^  ao<:"ompauyiug  iK'iX'entage  curves,  which 
are  copied  from  the  report  then  made. 

A  reference  to  Fig.  4,  in  which  astigmatism  is  omitted,  sliow^s  a  steady 
rise  in  tljc  percentage  of  myopic  eyt^  from  4/27  per  cent,  in  the  lowest 
grades,  the  average  age  l>eing  eight  and  a  half  years, 
to  19.33  per  cent,  in  tlie  Normal  S<.'Ii<m)1,  the  average 
age  being  seventeen  and  a  half  yt^irs.  Tims  it  will 
be  Been  that,  so  far  as  the  steafly  rise  in  the  percentage 
of  myopia  is  cout^erm^l,  the  work  simply  confirnietl 
the  findings  of  <>ther  olkservers.  The  high  pereent;ig(* 
of  hypermetropia,  amounting  to  88.11  j>er  cent,  in 
the  lowest  gratles  and  sinking  to  66,87  per  cent,  in 
the  highest,  did  not  accord  with  the  statistics  of  some 
observers,  hut  was  confirmed  by  the  examinations  made 
under  mydriatics.  The  difference  is  largely  explaine*! 
by  tlie  great  care  exercistnl  to  exrlode  sources  of 
error  arising  from  the  aee*mimodativc  efforts  of  the 
pnpilsj  and  by  the  adoption  of  a  ditrerent  standard 
for  emmet ropia  and  bypermetro|>ia,  the  static  refrac- 
tion of  the  eye  being  sought  for  in  each  case,  and  even 
low  grades  of  hyiK^^metropta — <.£/.,  .50  D. — being 
reeonled  as  H, 

The  facts  set  forth  in  Fig.  4  were  not  regarded, 
however,  as  the  most  important  features  of  tlie  work»  since  these  had 
Vjeen  repeate<.lly  demonstrateil  and  netxlctl  no  further  c<»nfirraation.  It 
is  interesting  to  oliscrve  that  the  perecntage  of  niyojna  is  lower  than 
in  some  of  the  European  statistics,  but  conforms  closely  with  tlie  results 
obtained  by  otl»er  Americans. 

The  significant  lessc^ns  taught  l>y  Figs.  5  and  C>  arc  of  a  different  value, 
since  they  shed  much  light  upon  the  etiology  and  liistory  of  the  rise  in 
the  percentage  of  myopia.  In  Fig.  5  is  shown  the  ]>ercentage  of  intra- 
ocular disease  in  relation  to  the  different  states  of  refraction.  The  eyes 
were  divided  into  Em.,  H.,  H.  As,,  M,,  M,  As,,  and  mixed  astigmatism. 
The  upjter  cunx*  indicates  the  proportional  frciiueucy  of  unhealthy  coudi- 
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tious  in  eyes  of  different  states  of  refraction ;  and  it  may  be  well  here  to 
state  that  in  this  category  were  iooluded  only  distinct  departui^es  from 
health.  They  varied  from  retinal  irritation,  with  congestion  of  the  nerve, 
striation  of  the  retina,  and  undue  hy[x?nemia  of  the  entire  eye-ground 
with  commencing  pigment  absorption,  to  marked  neuro- retinitis,  chori- 
oiditis»  and  posterior  staphyloma.  The  percentage  of  these  conditions  in 
emmetropic  eyes  will  be  seen  to  have  been  31.97,  a  frequency  which  is 
explained  in  pa  it  by  the  fact  that  the  eyes  in  two  of  the  lower  scliools 
were  subjected  ti>  outrageous  hygienic  surroundings,  and,  further,  that  the 
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other  eye  of  the  same  pupil  was  often  of  a  different  refraction,  or  that  some 
form  of  musi'ular  anomaly  was  present,  and  to  these  causes  may  justly  l^e 
rharged  the  diseased  conditions  in  many  of  the  emmet ropie  eyes.  Only 
twenty  per  cent*  of  the  emmetropic  eyes  in  the  Normal  School  (age  seven- 
teen and  a  half  years)  presenteil  these  i>athological  eye-grounds,  but  here 
also  the  difference  of  retWtetion  in  the  two  eyes  t^f  the  siime  individual  w*as 
present  in  a  lar^e  number  of  cases,  thus  causing  a  higlier  [MTt'cntage  of 
asthenopia  and  disease  than  would  have  l>een  shown  had  such  differences 
Ijeen  eliminated.  In  hypermetropia  the  percentage  of  disease  passes  fifty 
(KT  cent.  ;  in  hypermetropic  astigmatism,  seventy-six  per  cent. ;  while  in 
myopic  astigmatism  eighty-seven  jkt  tvnt.  of  the  eyes  w(*re  unhealthy.  In 
the  secondary  classes  there  was  not  found  a  single  myopic  eye  in  which 
the  fun<lus  was  healtliy  ;  and  even  in  the  Normal  Scliool  the  diseased  eye- 
grounds  weix*  present  in  nmrly  eighty-two  iter  cent,  of  the  myc>i>ic  eyes. 
It  would  he  well  to  state  here  that,  while  some  of  the  classes  in  the  primarj^ 
and  secondary  sehtxils  had  bad  hygienic  surrounding^,  and  while  in  the 
grammar   schools   the   arrangements  were   not  tlie    best,    in  the  Normal 
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Sc'liool  the  greatest  possible  care  had  bt^^n  exereised  to  secure  the  best 
lighting  and  seating  of  the  d  ass  -  rooms,  with  the  residt  of  making  them  as 
nearly  perfect  as  possible  with  our  present  knowledge  of  the  reqiiii*ementB. 
Yet,  notwithstanding  this  and  the  fact  that  the  pupils  wei\»  much  older 
and  therefore,  as  we  shall  show,  les8  susceptible  to  imlavonible  eirouni- 
stances,  the  showing  for  myopic  eyejs  or  those  with  hypermetropic  astigma- 
tism was  little  Ix'ttei"  tliau  iu  the  lower  schools^  except  as  coniparetl  witli 
the  two  classes  noted  alxjve.  Turning,  then,  to  the  lower  or  ct>uu&  curve  in 
Fig.  5,  it  will  be  seen  to  occupy  a  very  striking  and  important  relation  to 
the  errors  of  refraetion.  The  curve  begins  with  emmetRipia,  iu  which  the 
eoniis  was  found,  often  only  in  its  incipient  form,  in  13 J  5  per  cent.  In 
this  relation  the  frequent  oet^urrence  of  auisometixipia  should  also  be  borne 
iu  uiintl,  Iu  hy|>ermetropia  it  was  found  in  twenty  per  cent,  and  where 
astigmatism  was  cond)ined  with  the  liypermeti"oj>ia  it  rose  to  forty-five  per 
tx.^nt.  Simple  myopia  presented  it  in  but  forty-unc  per  ct^nt.,  distiuetly  less 
often  than  iu  hypermetropic  astigmatism  ;  and  only  where  myopia  was 
itself  combinctl  with  astigmatism  did  the  percentage  of  conus  rise  higher; 
thei'e,  however,  to  reach  sixty  per  cent.  The  changes  in  the  eyc-grouud  to 
which  the  term  oijnus  is  here  applied  were  pi^senteJ  iu  great  variety'  and 
extent,  but,  though  differing  widely  iu  their  extremes,  were  nevertheless 
regardtxl  here  as  differing  only  in  degree,  not  in  their  essential  nature,  A 
study  of  this  pathological  eonditiou  and  its  cliuical  history  seems  to  justify 
the  statement  that  it  is  a  limited  chorioiditis  of  vanfing  extent  and  intefmtj/, 
offeding  the  rcfjion  of  (he  ne}'ve  ejitfrtnee^  and  genendly  manifested  at  the 
temporal  nmryin  of  the  optic  dink  as  a  crescent  of  altered  color  and  pifpnent 
absorption.  The  massing  of  pigment  in  the  ring  of  chorioid  immetliately 
snrnuindiug  the  optic  nerve  is  a  phenomenon  often  present  to  an  extraordi- 
nary  extent.  So  long  as  these  pigment  bauds  and  crescents  remaiot^ 
undisturbed  they  were  regarded  as  physiologiral.  When,  however,  tlie-se 
masses  of  pigment,  or  the  normal  pigmentation  about  the  disk,  had  partially 
absorlxKl,  giving  rise  to  cres<."enls  of  thiuueil  and  semi-atrophic  clutrioid, 
and  the  proci^ss  was  accompanied  by  geoeral  churic*idal  disease,  tiiey  were 
no  longer  reganlti:l  as  physiological.  The  attending  symptoms  of  astheuo[»ia 
and  the  clinical  history  as  derivt^d  from  the  individuals  wliere  these  eoudi- 
tinns  were  Ibuud  pointed  emphatically  to  a  diseased  action  with  a  well- 
marked  and  moi-e  or  less  permanent  anatomical  lesion* 

These  atrophies  at  the  bortler  of  the  nei^^*  have  long  bwn  asaodated 
with  myopia  and  regardwl  as  standing  in  close  relation  to  the  prooess  of 
elongation  in  the  myopic  ball,  as  shown  by  Jaeger.  Donders  taught, 
indeed,  that  a  quite  uniform  relation  existetl  iK'tween  the  degrc*e  of  the 
myopia  on  the  one  hand  and  the  extent  of  the  cuue  of  chorioidal  atrophy 
on  the  other.  Observation  proves,  however,  that  these  chorioidal  changes, 
embracing  usually  the  temporal  hoitler  of  the  nerve,  are  by  no  means  con- 
fined to  myopic  eyes,  but  are  also  very  frcT|nently  present  in  eyes  still 
hy|>ermetropic.     This  is  especiidly  true  of  hypermetropic  astigmatism,  as 
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set  fbrtli  in  Fig.  5,  where  the  ch>iiu3  curve  rises  to  forty-five  per  eeut.  in 
H.  As.,  and  to  sixty  p€r  cent,  in  M.  As, 

In  eyes  where  this  eoniis  i;^  present  and  the  change  is  still  progressive, 
it  is  invariahly  attendt-d  witli  astht'iiupic  symptoms^  and  with  more  or  less 
marked  geueml  choriuidal  diaturbanct^,  and  most  be  accepted  as  eviden<!e  of 
actually  increasing  refraetion,or  at  best  of  threatened  increase,  a  contingency 
controlled  largely  by  the  resisting  power  of  the  st^lem  in  the  individual 
t^se  and  by  tlie  industry  of  the  pupil.  The  figures  on  Plate  L  are  repro- 
ductions of  pen-and-ink  sketches  of  eyes  with  hypermetropic  refraction 
found  in  my  note-l>or>ks»  made  by  Dr.  Randall,  and  will  serve  to  illustrate 
the  foregoing  remarks.  The  clinical  histories  of  each  case  were  ekilxjrate 
and  extended  over  several  yeare. 

Nos.  I.  and  IL  are  from  the  records  of  a  brother  and  sister,  aged  re- 
spectively ten  and  twelve  }'ears.  Both  of  them  wen?  members  of  the 
classes  included  in  the  school  examination,  but  were  detaineil  from  R*hool 
tempomrily  btxause  of  the  i>ad  condition  of  their  eyes,  and  therefore  do 
not  api^ear  in  the  tables.  The  conditions  here  represented  were  rciM'titcd, 
however,  in  scores  of  their  fellowa  at  si'Iioob  Both  had  suffcreil  severely 
from  their  weak  eyes  and  licnidache,  Xo.  II.  lining  subjet*t  to  petit  chorea* 
Both  had  liypernietroi>ic  astigmatism,  and  aft<^r  a  few  wrecks  returned  to 
their  work  with  cornx'ting  glasses  and  pnrsuwl  their  sludies  without  further 
difficulty.  Tht^sc  children  were  follow^ed  for  several  years,  liut  deveh*ped 
no  fiirthcr  change  in  i\4raction.  Their  niuther  liad  a  higli  grade  td*  H.  As.» 
and  the  father,  a  post*office  clerk,  had  mixed  astigmatism,  with  a  large  coims 
in  both  eyes,  and  retino-chorioiditis,  with  marknl  asthenopia  and  so-mllctl 
"  Sick  heaikichesj^ 

No.  III.  is  a  sketch  of  the  condition  st^n  in  a  lady,  agal  sixty-eight, 
with  hypermetropic  refraction,  who  had  t>een  a  life-long  sutterer  from 
weak  eyes  and  headachc^s,  which  were  relieve*!  by  glasses  correcting  her 
hyperopic  astigmatism.  The  other  eye  presenti^d  simihir  conditions.  Tliere 
were  large  areas  of  pigment  abs^jr|)tiou  tliroughout  tlie  eye-grountl,  and  a 
genei-al  flutty  api>earance  of  the  fundus,  which  slowly  subsided  under  the 
use  of  her  glasses. 

No.  IV.  is  a  sketch  of  the  changes  seen  in  a  college  student,  aged 
seventeen,  made  in  1877,  There  was  then  simple  H*  As,  ^  .75  D.  The 
severe  asthenopia  compelletl  him  to  al)anclon  his  work,  which,  however, 
was  resumed  with  correcting  gla.sses  and  coutinur^  lYjmfortably  ff)r  a  year. 
The  glasses  were  tiaen  abandnnctl,  as  he  thraiglit  they  w^ere  no  longer  needed. 
After  a  term  of  study  w^ithont  them,  tlie  asthenopia  returned.  The  former 
hypermetropic  meridian  was  tlien  found  to  1k>  M*  =  1  D,,  and  the  meridian 
before  emmetropic  to  be  M.  i=  1.75  D.  Tliere  was  a  marked  atlvance  in 
the  chorioidal  changes,  whicli  is  carefully  descriF)ed  in  the  notes,  but,  nnfor- 
tunately,  no  sketcli  was  made.  Both  the  first  and  the  later  determinations 
of  the  refaction  were  made  under  the  priilougcd  use  of  atropine.  Cor- 
recting glasses  were  once  more  prescribed,  and  tw^o  years  later  there  had 
Vol.  it  —24 
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been  no  further  increase  in  the  myopia,  notwithstanding  his  continued 
work  at  college.  The  father  and  mother,  a  sister,  and  one  brother  of  this 
juitient  were  asthenopic,  and  all  had  hypermetropic  astigmatism. 

No.  V.  is  sketched  irom  a  case,  aged  thirteen,  of  commencing  my- 
opia, with  astigmatism.  The  father  and  a  younger  brother  had  h\^rnie- 
tropic  astigmatism.  The  same  changes  were  beginning  in  the  brother,  who 
was  also  brought  for  treatment  for  his  weak  eyes  and  headache  at  school 
He  was  found  with  a  cramp  of  the  accommodation  simulating  near-sight 
It  gave  way  under  the  use  of  a  mydriatic,  and  he  received  convex  glasses, 
correcting  a  compound  hypermetropic  astigmatism.  Both  children  received 
correlating  glasses  and  resumed  their  school  duties.  They  were  kept  under 
obsei-vation  for  two  years,  but  had  no  return  of  trouble  or  increase  of 
refraction. 

Plate  II.  is  a  portrait  of  the  right  eye  of  a  patient  under  treat- 
ment at  the  Wills  Eye  Hospital,  suffering  from  violent  asthoiopia  and 
headache,  wliich  were  entirely  relieved  by  her  glasses,  given  to  oonect  a 
hypermetropic  astigmatism  of  low  grade.  The  eye-ground  was  floi^ 
throughout,  an  api)earance  ver}'  difficult  to  reproduce,  and  lost  in  the  sketch 
made  for  me  by  Dr.  Schwenk.  The  commencing  macular  diaeaae  and  tk 
crcsctMit  of  ])igniont-ab8orption  at  the  temporal  margin  of  the  nerve  are  een. 

The  imj)ortant  r6le  played  by  the  errors  of  refraction,  especially  by 
astigmatism,  is  revealed  by  any  careful  study  of  the  curves.  (FigSi  5 
and  6.)  Not  only  is  the  well-known  fact  of  the  uniform  peroentege  of 
emniotropia  in  all  the  classes  again  exemplified  in  Fig.  4,  but  in  FigSw  5 
and  6  it  is  shown  that  the  emmetropic  eye  enjoyed  the  highest  acuity  of 
vision  and  was  rclatively  free  from  jxiin  and  disease.  As  opposed  to  this 
claim,  it  doi^s  not  suffiw  to  contend  that  the  mathematically  emmetropic 
eye  docs  not  exist,  for  the  contention  still  remains  that  those  eyes  most 
nearly  npi>roaehin*]j  this  ideal  state  of  refraction  enjoyed  in  the  highest 
deij;re<'  innnunity  from  the  i)eril8  of  school  life.  The  eyes  with  simple  H., 
next  to  Em.,  were  irtn^st  from  jwin  and  disease ;  while  sim])le  M.,  though  on 
the  wh()l(»  very  rare, — 2.G8  i)er  cent., — stands  third.  The  rapid  niounting 
of  the  curvrs  where  asii(/matism  ?/yw  also  present  is  a  fact  of  the  mosi  ^ignifi- 
cant  i)ifereM  in  this  dmhj.  Its  relation  to  asthenopia  and  disease  is  uniuis- 
tiikai>le  as  one  of  cause  and  effixit. 

Such  reflation  is,  moreover,  strongly  borne  out  by  clinical  experience. 
In  this  eonneetion  the  relative  frequency  of  astigmatism  is  a  jwiut  of  inipor- 
tanee.     In  the  school  statistic^s  the  following  relation  was  shown  : 

Percent 

Em 11.19 

11 31.23 

n.  As 42.81 

M 2.68 

M.  As 11.02 

^lixeJ  As 1.07 

ioooo 
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Tiiat  the  frequency  of  astigmatism  was  probably  underestimated  in  the 
eehoul  work  is  shown  in  the  following  reeoi-d  of  two  thousand  six  hundred 
and  twenty*eight  hyi>ernietropic  eyes  taken  consecutively  from  my  case- 
books, all  baviug  been  cori'ected  under  mydriatics  : 

H.  ^9.70  percent 

H,  As  =90,30  per  cent. 

The  percentile  of  astigmatism  is  probably  higher  than  would  be  found 

in  the  same  number  of  hypermetropL^  taken  promiscuously  from  the  com- 
munity, since  these  had  all  presontctl  tbemst4ves  ("or  relief  from  troublesome 
symptoms  ;  nevertheb^ss,  the  figures  serve  to  illustrate  the  great  relative 
frefpiency  of  this  anomaly.  The  same  relation  is  set  foith  in  Table  IIL, 
|>a;ie  376,  for  myopic  eyes,  where  it  is  shown  that  the  average  i>ercentage 
for  all  the  years  included  in  the  investigation  wa^  for 

M.  =  9.67  p€r  cent. 

M.  As  =90.38  percent 

The  percentage  of  astigmatism  in  both  hypermetropic  and  myopic  eyea 
is,  therefore,  practit^lly  identicaK  a  significant  fact  as  pointing  to  the 
source  of  the  myopic  eye:  it  w*ould  stx^m,  indeed,  fair  to  claim  that  the 
latter  had  been  attained  tti rough  the  turnstile  of  astigmatism,  which  was 
already  present  in  the  hyi>ermetro]>ic  eyes. 

In  Fig.  7,  page  367,  a  leason  of  much  significance  is  taught.  Here  the 
percentage  of  disease  and  asthenopia  in  all  states  of  refi*action,  in  relation 
to  the  age  of  the  pupils,  is  made  manifest  It  will  be  observed  that  all 
the  curvi^s  make  a  notable  des<x^nt  as  tlie  age  of  the  pupils  atlvanec*s,  Tlie 
explanation  is  found  principally  in  the  facts  that,  in  tlw  frsi  place,  a  certain 
numl>er  of  the  weakest  eyes  had  dn^piKtl  out  of  the  schools,  and,  sccondii/, 
with  advancing  age  the  tissues  ol"  the  ball  were  better  able  to  endure  the 
imposed  strain  of  school  work*  Attention  is  called  esj>ecially  to  the  U[>wanl 
trend  of  the  curves  in  Fig.  7  between  the  ages  of  eleven  and  fourteen, 
— a  fact  significant  of  the  Iwid  influence  of  pul)^^^  over  the  n^isting  power 
of  the  tissues. 

The  obvious  lesson  is  that  our  children  enter  Ufion  their  nlurational 
training  at  a  too  tender  age,  and  that  during  the  first  years  at  school  the 
metht»ds  of  instruction  sliould  be  so  modified  as  to  avoid  as  far  as  possible 
continuous  work  at  a  near-point. 


PART  IL— NECKSSITY  FOR  AN  ENTRANCE  EX.1MINATI0N. 

The  observed  fa<'ts  set  forth  in  the  pre<^eding  pages  have  a  %^ery  imjx^r- 
tant  Ijearing  upon  the  subjeet  of  the  bygicne  of  vision  in  the  schools.  It 
is  obvious  that  if  the  deductions  thei'e  made  are  true,  the  most  painstaking 
attention  to  the  details  of  general  hygiene  of  the  school-room  and  the 
adoption  of  the  most  approved  educational  methcMils  will  not  sirfficc  to 
arrest  the  spread  of   myopia  and  its  attending  pathological  conditions. 
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While  the  great  prevalence  of  tii  agent  tally  defective  eyes  should  serve  to 
eEtbree  the  neees^iity  for  every  sanitary  j)recaiitiou,  it  is  neverthele^itt  plain 
that  our  fii'st  duty  is  to  plaoe  specific  guardianship  over  the  children  who 
enter  upon  their  educational  process  with  defective  ey€\s.  To  this  end  some 
systematic  nietiiCHl  of  iiisjiection  should  be  adoptetl  in  the  schools  which 
would  be  effective,  at  the  very  outset,  in  detecting  the  anomalies  of  vision, 
and  at  Imst  make  it  possil>le  to  warn  the  parents  yf  existiug  unfavorable 
conditions  and  of  the  prol)able  injury  t^j  the  eyes  if  neglected. 

That  children  are  eoteivd  without  question  as  to  the  state  of  their 
vision  is  doubtless  due  in  large  measure  to  ignorance  of  any  necessity  for 
such  inquiry.  Parents  who  are  careful  of  their  children's  welfare  in  other 
respec*ts  are  unmindful  in  this,  and  educators  thoroughly  verswl  in  the 
improved  nietli^xls  of  mental  training  aca^pt  the  important  trust  t*oniniitted 
to  them,  not  knowing  wliether  the  vision  of  the  child  is  sufficient  to  sustain 
the  coming  struggle  with  buoks.  There  is  great  nee<l,  therefore,  for  popu- 
lar education  in  this  i'es|>et*t*  When  parents  come  to  understand  that  tlie 
vision  of  their  ehil*lren  may  be  deft^live,  and  in  eonsequeuee  tlieir  schocd 
life  fraught  with  danger  to  tlic  eyes  and  their  educatiunal  progress  retardt^l, 
thei'e  will  be  less  negUgenee  in  this  direction. 

When  a  child  is  bi-ought  Ibr  admission  to  the  school,  one  of  the  first 
quest  10 us  should  bc^  **  Have  your  eyes  been  tested?"  If  answeretl  in  the 
negative,  such  investigation  should  be  urged  upon  the  parents,  or  made  at 
the  time  by  the  teacher  or  some  pei'son  detailed  for  this  duty  and  instructeil 
in  the  pro}ier  methods  ot'  examination. 

For  this  purpose  professional  training  is  not  necessary.  The  i*equii*e- 
ments  are  so  simj>le  that  any  teacher  should  l^e  able  to  determine  whether 
the  acuity  of  vision  is  norma!  or  not.  All  that  is  essential  for  the  purjMjse 
mffird^  a  chart  of  stantlard  test  letters  and  a  few  simple  iustructiuns  as  to 
its  employment ;  second,  a  small  cai\I  of  clearly  printed  4i-point  (diamond) 
ty]:>e  and  a  metre  or  fout-rule.  The  test  Icttei's  sliould  Iw  placetl  in  a  good 
ditiuscd  light,  prefemldy  falling  u|K)n  it  Irom  the  side,  and  the  pupil 
stationed  at  a  mea«iured  distance  of  six  metres,  or  twenty  feet.  He  should 
then  be  rerjuired  to  name  the  smallest  lettei's  which  can  be  trailed  correctly 
with  each  eye  separately.  The  nearest  point  at  whicli  the  diamond  type 
can  Ije  read  clearly  should  then  be  determined.  On  the  back  of  the  i^ards 
shoidd  be  printe*!  a  table  showing  the  normal  near-point  for  an  emmetropic 
eye  at  all  ages  from  six  to  twenty  years,  togetlier  with  simple  instructions 
as  to  the  manner  of  determining  it.  If  tlie  sharpness  of  %^ision  should 
prove  to  be  much  below  the  normal,  or  if  the  near-point  is  found  too 
remote  for  the  age  of  the  pupil,  admission  should  be  granted  only  after 
apprising  the  parents  or  giiardiaus  of  the  existing  defect  of*  vision  and  the 
consequent  need  of  professional  advice. 

Such  inspection  would  at  once  eliminate  all  those  pupils  with  eonsidera- 
ble  errors  of  refraction,  with  corneal  opacities,  or  with  serious  jiathological 
conditions  of  the  ftmdus.     For  children  who  have   not  been  taught  the 
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alphabet  the  "  illiterate*^  card  of  Snellen  might  l>e  employed,  but  this  is 
an  iin^atisfactory  method  at  best.  It  is  probably  better  to  defer  the  exami- 
nation until  familiarity  with  the  letters  of  the  alphabet  has  been  acquired. 
In  a  eonriiderable  jx^ceutage  of  cases  the  impaired  vision  is  due  to  e<.>rueal 
opaeities  or  intm-octihir  di,seai?e.  These  are,  of  course,  in  some  measure 
without  remedy,  but  miiat  be  left  to  the  direction  of  professional  counsel, 
Whei-e,  however,  the  lowered  acuity  of  vision  is  shown  to  be  due  to  some 
detect  of  refraction,  this  should  lie  corrected  by  optical  means.  Happily, 
the  unwarranted  prejudice  of  former  years  against  the  use  of  glasses  is 
rapidly  disii}:)pearing.  Spectacles  should  be  mgurtletl  as  a  protection  against 
liarm,  a  function  not  essentially  different  from  that  of  other  articles  of 
clothing.  Ij]  at  tbe  beghming  of  the  school  ///>,  these  congenital  ano7naii^ 
of  refrdciimi  cmjUd  be  care  folly  oorreded  by  suitable  glasses  ^  n^e  should  hear 
7nnch  km  complaint  of  the  harmfid  influence  of  the  schools  upon  the  eyesighi 
of  our  children.  The  trutli  of  this  statement  is  borne  out  by  the  daily 
routine  of  professional  work  and  by  the  experience  of  teachera. 

Children  with  red  or  inflametl  eyes  should  never  be  |>ermitted  to  enter 
the  school  until  a  [diysieiau^s  certificiite  of  the  non -infectious  nature  of  the 
disease  has  Ijcen  presented.  This  precaution  is  especially  necessary  in  our 
modem  school-houses,  A^nth  their  lavatories,  where  the  children  find  facilities 
for  bathing  the  hands  and  face  in  wash-basins  which  of  necessity  must  be 
used  by  all  in  cHumion. 

In  1875  the  Board  of  Public  Education  of  Philadelphia  proposed  a 
aeries  of  Cjuestions  to  the  teachers  in  the  various  schools,  one  of  which  was 
as  follows :  *'  How  many  children  in  your  scIicmjI  are  known  to  you  to  have 
weak  or  sore  eyes,  or  near-sight,  or  other  defects  of  vision?"  Miss  Coate« 
closed  her  i-cply  to  this  question  witli  the  Ibllowiug  statement:  **  You  will 
notice  that  at  present  in  the  Sec<jnd  Division  only  two  pupils'  eyes  are 
affec^ted  ;  by  the  time  that  class  is  reajtiy  for  promotion,  as  much  as  one* 
third  of  the  whole  number  will  Ix^  so  suffering  from  weakness  of  vision 
as  to  occasion  considerable  mauceuvring  on  my  part  to  sent  them  in  such 
positions  as  will  enable  them  to  copy  from  the  blacklxjard/' 

In  December,  1893t  I  asked  Miss  Dunn,  tlie  efficient  supervising  prin- 
cipal of  the  Francis  M.  Drexcl  Si'Ih>i>],  where  she  has  thirtwn  himdred  and 
sixty  children  under  her  care,  tu  what  extent  the  chihlrcn  suttered  from 
weak  or  defective  vision.  She  replied,  ^*  We  have  much  less  trouble  in  that 
dinxtion  than  formerly.  Almost  daily  s(.ime  child  will  l>e  sent  to  me  com- 
plaining of  weak  eyes.  In  all  such  cases  I  send  them  home  with  a  note  re- 
questing the  parents  to  have  the  eyes  examined.  We  miss  them  from  the 
class  for  a  few  days,  when  they  return  with  a  pair  of  spectacles,  and  we  hciir  no 
more  complaint.**  Tiicse  replies  indicate  the  grc^t  advance  which  has  taken 
plac«  in  the  popular  undei^tauding  of  the  cause  of  asthenopia  shwe  my  pub- 
lication of  ''  Weak  Eyes  in  the  Public  Schools  of  Philadelphia,"  in  1881/ 
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The  almost  universal  res<3rt  to  (*orre<.'tiiig  glasses  in  all  eases  of  weak  eyes 
has  proved  a  great  boon  to  tiie  Si/hool-chiltlren  ol'  this  city,  where  the  truth 
of  the  views  which  have  been  expressed  is  being  constantly  demonstrated 
in  a  broad  field  of  practical  app!if*ation.  In  a  word,  when  tlie  existing 
defeet^s  of  refraetiou  are  carefully  cornHjtetl  l>y  suitable  glasst*iSj  trouble  is  at 
an  end  in  the  majority  of  cilsc.s  of  asthenopia.  AVhen  this  is  neglected,  the 
asthenopic  pupil  either  spares  the  weak  eyes  at  the  expense  of  jjoitrly  pre- 
paid lessons,  and,  as  a  const^quencej  gets  on  badly  at  school,  or  drops  out 
of  the  contest  entirely*  If  the  school  work  is  continued  with  suctjess,  it  is 
done  by  placing  the  integrity  of  the  eyes  in  iJcriL  The  following  study 
will  serve  Ui  dcmonstmte  with  mneh  ibrce  the  value  of  correcting  glasses  in 
preventing  the  advance  of  near-sight. 


THE    RESULTS    OF    THE    OPTICAL    CORRECTION    OP   ASTHENOPIC    EYES    IN 

ARRESTING    MYOPIA. 

In  seeking  for  additional  light  upon  the  etiology  of  the  myopic  eye  and 

the  pn»bable  value  of  ajrrectiug  glasses  in  arresting  thediseasCi  I  have  made 
a  mreful  analysis  of  the  recnnlcd  cases  of  myopia  treated  in  my  private 
practice  since  January  1,  1874*  SincM?  the  patients  were  drawn  from  the 
more  studious  and  successful  portion  of  the  aim  muni  ty,  it  seemed  probable 
that  the  percentage  of  myopia  in  the  resulting  statistics  might  be  higher 
than  wi^uld  be  shown  in  the  community  at  large  or  iu  the  hospital  rec^irda. 
In  order  to  avoid  misleading  conclusions,  I  set^nretl  access  to  the  prescription- 
books  of  two  large  optical  com  pan  ies,  and  cullctl  from  them  all  prescriptions 
given  for  distance  glasses,— i\e,,  formulie  ordered  by  ophthaluiic  surgeons 
for  the  correction  of  errors  of  refraction.  These  formulae  were  from  all 
sources  of  practice,  both  public  and  private,  and  therefoi'e  furnish  tis  awu- 
rate  data  as  are  obtainable  from  any  source.  I  was  assisted  in  the  analysis 
of  the  private  case-books  by  Dr.  John  T»  Carpenter,  Jr.,  while  the  data 
from  the  books  of  the  optieal  companies  were  collectetl  for  me  by  Dr. 
James  Thoriugtou, 

During  the  twenty  yeai's  covered  by  the  resulting  table  of  statistics  it 
has  Ijccii  tlie  almost  uniform  habit  of  o[»hthaImic  surg(H)us  iu  Philadelphia 
to  correct  more  or  less  c^ompletely  and  accurately  all  errors  of  refraction 
found  in  astlieno|>ie  patients,  in  both  private  and  hospitid  practice.  In  the 
analysis  of  my  own  books  only  thuse  cases  which  were  corrected  under 
mydriatics  are  included.  In  the  analysis  of  the  opticians^  books  it  was  not 
possible  to  determine  this  fact.  The  work  covers  the  correcting  glasses  for 
a  total  of  one  hundred  and  ninety-five  thousand  seven  hundred  and  fifty- 
four  eyes. 

It  seemed  reasonable  to  expect  that  if  there  were  indeed  a  true  relation 
of  cause  and  effei't  between  the  congenital  anomalies  of  refraction  and  pro- 
gressive  near-sight,  as  has  lx?en  urirc^l  in  the  preccdiug  ptges,  the  uniform 
correction  of  these  anomalies  iu  the  community  for  all  astheuopie  qvqs,  or 
even  for  any  considerable  percentage  of  them,  would  during  or  after  twenty 
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ir8  revejil  the  beneficial  results  of  surli  t'orrection  in  a  dirairmtion  l>oth 
in  the  percentage  of  myopic  eyes  applying  for  treatiueut  and  also  in 
the  grade  of  myopia  found.  The  following  tables  and  percentage  curv^es 
are  instrnctive  not  only  as  showing  the  results  of  the  analysis  made  for 
nearly  two  hiuidred  thousand  eyes,  lint  also  as  substantially  demonst rating 
the  responsibility  of  congenital  anomalies  of  refraction  in  tlie  etiology 
of  near-sight,  and  tlie  value  of  tbeir  optical  correction  in  arresting  the 
disease. 

As  the  design  was  to  ascertain  the  percentage  and  grade  of  M.  and  M. 
As,  in  the  several  years,  the  eyes  with  hypermetropic  refraction  were  not 
included  in  the  analysis,  bnt  simply  counte*i  in  order  to  ahowthe  percentage 
of  ey«?s  with  myopic  refraction  to  the  whule  number  receiving  correcting 
glasses.  The  degrees  of  myopia  from  M,  =  .50  D,  to  the  higliest  grades 
were  also  recordetl,  I  nit  gronped  as  Mlows  :  1  D,  or  less,  1  D.  to  i\  D.,  il 
D,  to  7  C,  7  D.  to  lU  !>.,  10  I),  or  greater;  and  these  were  grouped  for 
the  years  includetl  as  follows  :  1874  to  1880  inclusive,  1881-l883»  1884- 
1886,  1887-^1889,  1800--1K93.  The  whole  number  of  eyes  fi»r  which  dis- 
tance or  (constant- wear  glasses  had  l>een  furnishetl  by  Queen  *t  C*o.,  opti- 
cians, and  by  the  Fox  Optical  Comjuany,  were  one  hundred  and  eighty -seven 
thousand  and  eightt^n,  of  %vhich  21.6  per  cent,  were  for  myopic  refractiou. 
Of  tfie  myopic  eyc^,  as  revcale^l  by  the  glasses  ordered,  39.5  per  cent*  had 
8ini|>lc  M.  and  60.5  per  <^ent  had  M,  As. 

In  the  private  case-lKJoks  eight  thousand  seven  hundrcil  and  thirty-six 
eyes  had  received  (ireful  correction  of  refraction  errors  under  the  use  of 
mydriatics  pressed  to  thorough  paralysis  of  the  aet^mmodation.  Of  these 
nineteen  hnndi"ed  and  twenty-five  w^ere  myopic,  or  twenty-two  per  cent. 
Of  these  myopic  eyes,  9.67  per  cent,  showinl  only  simple  M.,  while  90»33 
per  cent,  were  astigmatic.  The  diflerence  in  these  percentages  is  in  a  meas- 
ure ac^^ounted  for  by  the  fact  that  in  my  own  work  astigmatism  was  care- 
fully songht  for  and  corrected  in  every  case  where  found,  while  it  is  possi- 
ble that  many  of  the  prescriptions  prepared  at  the  opticians*  were  oixlered 
without  a  mydriatic  having  Iicen  used,  or  tiiat  the  lower  grades  of  astigma- 
tism were  regarded  as  unimportant  and  therefore  negltM^tcil,  cspci^ially  in  the 
hospital  work,  which  is  there  included.  Then,  too,  in  manifest  corrections 
of  irritable  myopic  eyes  the  low  grades  of  astigmatism  are  easily  over- 
looked. The  high  percentage  of  astigmatism  found  in  myopic  eyes,  even 
the  lower  percentage — 60. -j — of  the  opticians'  lx>oks,  points  unmistakably 
to  the  important  rdfe  that  this  defect  of  refraction  plays  in  the  etiology  of 
the  distending  eyeball  and  of  the  attending  pathologieal  conditions. 

In  my  own  case-books  it  was  shown  that  in  many  cases  a  mixed  astig- 
matism was  present  on  one  side,  while  on  the  other  the  eye  had  alrrady 
passed  over  mto  myopia  in  all  meridians,  similar  path(*logictd  CHmditions 
Ixnng  present  in  both  eyes*  This  is  strongly  suggested,  however,  in  the  table 
(Table  III.)  showing  the  jiercentage  and  grades  of  myopia  in  succt^etling 
l>eriods  of  yeaiu     It  is  there  shown,  in  columns  7  to  llj  and  also  in  the 
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TABLE   III. 

FROM   PRIVATE  CASE-BOOKS,  SHOWING   BY   TEARS   THE  STEADY  FALL  IN  THE   PERCENT- 
AGE  AND   DEGREE  OF   MYOPIA. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

Years. 

Num- 
ber of 
Eyes. 

Num- 
ber of 

M. 
Eyes. 

Percent- 
age of 
Myopia. 

Percent- 
age of 
Simple  M. 

Percent- 

M.  = 
more 
than 
10  D. 

M.  = 
7  to 
10  D. 

M.» 

8  to  7 

D. 

M.  = 

1  to  3 

D. 

M.  » 
ID.  or 
Len. 

1874  \ 
1881/ 
1881  \ 
1883/ 
1888) 
1886/ 
1886  \ 
1889/ 
1889  \ 
1893/ 

1956 
1854 
1376 
2154 
1896 

559 
808 
313 
427 
818 

28.48 
23.05 
22.07 
19.82 
16.78 

15.5 

15.45 

5.75 

6.50 

5.66 

85.5 

84.55 

94.25 

98.50 

94.34 

2.58 
2.10 
1.67 
1.10 
1.87 

2.86 
1.96 
2.90 
1.20 
1.47 

11.77 
6.92 
8.43 
6.79 
5.27 

9.5 
8.6 
7.8 
7.6 
5.6 

2.8 
2.8 
1.9 
2.7 
8.1 

ToUli. 

8786 

1925 

22.08 

9.67 

90.88 

1.76 

1.98 

7.84 

7.78 

2.46 

curves  constructed  from  it  (Figs.  10  and  11),  that  all  the  higher  grades 
steadily  decrease,  while  the  lower  grades,  in  which  are  included  by  far  the 
greater  number  of  the  cases  showing  simple  myopic,  or  mixed,  astigmatism, 
rise  in  percentage,  as  shown  in  column  11.  The  increase,  however,  is  only 
relative,  as  any  study  of  the  curves  will  show.  Indeed,  there  was,  in  fact, 
an  actual  decrease  in  the  number  of  these  eyes  also.  The  obvious  lesson 
taught  by  the  figures  in  columns  7  to  11  is  that  the  progress  of  the  myopia 
was  arrested  by  tlie  treatment  and  by  the  glasses  received,  and  tliat  there 
is,  therefore,  not  only  a  steady  fall  in  the  percentage  of  all  myopic  eyes, 
as  shown  in  column  4,  but  also  a  steady  diminution  in  the  grade  of  the 
myopia  (columns  7,  8,  9,  and  10).  The  rise  in  percentage  in  column  11 
is  due  to  the  fact  that  the  low  grades  of  myopia  were  arrested  in  their 
progress,  and  hence  did  not  pass  into  the  higher  grades,  as  in  former  years. 
In  a  word,  we  are  here  taught  by  large  numbers  of  eyes  the  lesson  so 
obvious  in  clinical  experience,  that  we  have  first  the  asthenopic  eye  with 
hy})ermetropic  astigmatism,  then  the  mixed  form  which  passes  into  the 
simple,  and  finally  compound  myopic  astigmatism  and  progressive  near- 
sight. 

The  main  facts  of  Table  III.  are  graphically  depicted  in  the  per- 
centage curves.  (Figs.  8  to  11.)  Tlie  tiibles  from  which  the  curves 
representing  the  work  of  the  optical  companies  are  drawn  would  have 
taught  the  same  lesson  as  Table  III.,  and  have  therefore  been  omitted. 
As  was  anticipated,  the  percentage  of  myopia  is  somewliat  higher  in  the 
private  work, — only  three  |)er  cent.,  however ;  but  it  will  ho  observed  that 
the  steady  decrease  in  the  percentage  of  near-sight  is  almost  identical  in 
both  sets  of  curves.     Thus,  in  Fig.  8,  1874-1880,  M.  =  28.43  per  cent., 
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which  steadily  falls  through  the  succeeding  periods  of  years  to  16.98  per 
cent. ;  and  in  Fig.  9,  commencing  at  25.4  per  cent,  it  falls  to  15.2  per  cent. 
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Curves  showing  the  steady  fall  in  the  percentage  and  degree  of  myopia  fh)m  1874  to  1898  inclusive. 

Incidentally  there  are  also  shown  in  Table  III.,  by  years,  the  percentage 
of  M.  and  that  of  M.  As.  to  the  whole  number  of  myopic  eyes.    In  the  latter 
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are  included  all  eyes  with  a  near-sighted  meridian, — e.g.y  cases  of  mixed  as- 
tigmatism. The  percentage  of  simple  M.  is  seen  (in  column  5)  to  fall  from 
15.5  per  cent,  in  the  first  period  to  5.66  per  cent,  in  the  latest  period,  while 
the  reverse  is  true  of  myopic  astigmatism,  the  rise  in  the  latter  being  in 
almost  the  same  ratio  as  the  fall  in  the  former.  This  is  accounted  for  by 
the  greater  care  with  which  the  astigmatism  was  sought  and  corrected  as 
increasing  experience  taught  its  importance.  The  striking  fact  is  the  very 
high  percentage  of  eyes  with  myopic  refraction  which  are  shown  to  be 
astigmatic  when  this  defect  is  carefully  sought. 

The  curves  in  Fig.  10  are  constructed  from  Table  III.,  columns  7  to 
11,  and  show  in  the  most  forcible  manner  the  steady  fall  in  the  degree  of 
myopia,  except  in  the  grades  lower  than  1  D.,  where  the  curve  is  seen  to 
rise  from  1.3  to  3.1  per  cent. ;  while  those  in  Fig.  11  are  constructed  in 
like  manner  from  the  tables  based  upon  the  books  of  the  optical  companies 
and  rise  from  4.8  to  5.2  per  cent. 

The  percentage  of  mixed  as  well  as  of  simple  myopic  astigmatism  for 
each  grade  of  myopia  is  instructive  in  this  connection,  as  set  forth  in  the 
following  table  (Table  IV.),  which  also  demonstrates  with  much  force  the 
need  for  the  thorough  use  of  a  strong  mydriatic  in  seeking  the  static  refrac- 
tion of  asthenopic  eyes.  If  this  precaution  is  not  observed  many  cases  of 
simple  hypermetropic  astigmatism  will  select  concave  cylinders  with  the 
axis  at  a  right  angle  to  that  of  the  proper  convex  cylinder. 

TABLE   IV. 

SHOWING  THE  RAPID  DECLINE  IN  PERCENTAGE  OF  EYES  WITH  SIMPLE  MYOPIC  AND 
MIXKD  ASTIGMATISM  IN  GRADES  OF  MYOPIA  HIGHER  THAN  1  D.  TO  8  D.  IN 
MIXED  ASTIGMATISM  THE  REFRACTION  FOR  THE  MYOPIC  MERIDIAN  WAS  TAKEN 
AS   REPRESENTING   THE   GRADE   OF   M. 


Grade  of  M.  in  Meridian  of  Highest 
Refraction. 

Mixed  Astigmatism. 

Simple  Astigmatism. 

Case-Books. 

Opticians* 
Books. 

Case-Books. 

Opticians* 
Books. 

Less  than  ID 

88.7 
19.7 

4.4 

0. 

0. 

21. 
11.2 

8.2 

0. 

0. 

82.6 
15.1 

6.8 

0. 

0. 

38. 

1  D.  to  3  D 

20.8 

8  D.  to  7  D 

7.2 

7  D.  to  10  D 

0. 

10  D.  or  more 

0. 

The  marked  difference  in  the  percentages  of  myopic  and  mixed  astigma- 
tism between  the  mydriatic  corrections  of  the  private  case-books  and  those 
of  the  opticians'  books  is  notable,  and  shows  tliat  without  the  mydriatics  the 
hypermetropic  meridian  is  overlooked,  and  the  case  passes  for  simple,  or 
possibly  compound,  myopic  astigmatism.  For  example,  in  the  case-books 
there  were  found  in  M.  of  less  than  1  D.  38.7  per  cent,  of  mixed  astigma- 
tism, while  in  the  opticians'  books  only  twenty-one  per  cent,  were  found. 
In  simple  astigmatism  the  percentage  is  higher  than  in  the  private  work. 
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Tt  is  probable  that  here  many  eases  of  iiiixi^l  astigmatism  had  passed  for 
simple  myopic  astigmatism,  siiiee  in  many  iustanees  a  mydriatic  had  not 
been  used. 

The  result  of  these  studies  is  to  relieve  tlie  schools  of  much  of  the 
responsibility  for  the  iuerease  in  pereentiige  of  near-sight^  siuoe  the  inercase 
is  shown  to  dej>end  ujKjn  the  strain  due  to  the  eongcuital  defeets  in  the 
eyes  which  develop  it,  but  nevertheless  to  emphasize  the  great  need  for 
hygienic  premntion,  and  for  some  method  of  ins{XM:'tion  which  shall  detect 
these  defective  eyes  at  the  outset  of  the  educatioual  work. 

PART   III.— HYGIENE   OF   THE  SCHOOL-ROOM. 

Passing  from  the  study  of  the  eyes,  we  come  to  the  c^)nsidenition  of  the 
hygiene  of  the  SL'hool-riwm,  so  far  as  it  may  affwt  the  vision  of  the  school- 
children. While  there  is  a  wide  <tpp«vrtunity  fijr  reform  in  many  directions, 
there  has  nevertheless  l>een  a  great  advance  in  school  hygiene  since  1880. 
In  all  the  newer  school -housing  in  Philadelplua  the  light  is  fur  the  most 
part  adequate  and  properly  arranged.  Tlie  newer  school-desks  have  Ijeen 
adopted  and  arranged  in  aceonlance  witli  miKlern  teai-hing.  The  type  in 
tlie  text-books  (especially  those  employed  in  the  lower  grades)  is  good^  and 
the  pajMT  use<l  in  most  of  the  books  is  not  ojx^n  to  adverse  criticism.  In 
mimy  of  tlie  older  schonl-honses,  however,  glaring  defecHs  are  still  present. 
The  old  patterns  of  desk  and  seat  are  still  in  use,  and  in  many  instances 
are  arranged  with  a  plus  horizontal  distanc**^-,  whihi  the  relation  between  the 
height  of  tlie  seat  and  tliat  of  the  (]esk  is  not  c^irrcx-t.  The  light  in  many 
of  tlie  school-rooms  is  paiufully  insutfieiont,  even  on  bright  days ;  but  these 
defects  are  being  remetlic^l  as  far  as  tlie  architoi:'tural  dt^igns  of  the  build- 
ings and  financial  limitations  w^ill  permit.  I  am  greatly  indebted  for 
courtesies  extcndtHl  by  Dr.  Etlwanl  Brooks,  Suix^rio  ten  dent  of  the  Public 
Schools,  and  by  Mr.  Paul  Kavaiiagli,  Chairman  of  the  Property  Committ£»e 
of  the  Bcjanl  of  Public  Educatroti,  and  to  Mr.  Joseph  D.  Austin,  their 
arcliitei*f,  all  of  whom  havt*  aided  me  in  securing  data  for  this  paper. 
Notwithstanding  the  earnest  oo-operatitHi  of  the  Snperintendent  and  the 
Biianl  (if  Pnblic  Education  to  secure  the  Ix^st  hygienic  couditimis,  there  is 
still  much  room  tor  relbrm  in  our  educational  methods,  vic^vetl  Irom  the 
stand-point  of  the  hygiene  o^'  vision. 

A  Modified  Ckirvicithinu-^\n\Qn^  these  reforms  the  first  which  suggests 
itself  is  the  necessity  fijr  a  more  elastic  curriculum  of  study,  which  will 
allow  the  attendance  of  partially  disabled  children  without  demanding  of 
them  the  urgent  pursuit,  at  tfie  same  time,  of  all  the  branches  of  study 
refjuirt^d  of  the  class  to  whi^'h  tiiey  lx*long.  It  is  possible  tfiat  some  system 
of  certified  profieicncy  in  as  many  studies  as  the  individual  is  able  to  master 
safely  might  be  adopttxl,  even  in  onr  public  schools.  Snch  a  curriculum  is 
ntixled  not  only  for  children  with  defe<'tive  eyes,  but  for  a  very  large 
number  who  are  in  more  or  less  feeble  ht^lth.      The  efiect  of  such  a 
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course  would  Iw  to  leugtlien  the  time  of  tlieir  school  life  by  a  year  or 
nior^,  but  would  do  much  to  preserve  the  eyes  aod  general  health,  and 
not  infrequeatly  would  make  educational  training  possible  for  children  who 
are  now  forced  to  relinquish  it  at  a  very  early  age.  The  physician  ot\en 
finds  it  necessary  to  remove  young  children  I'rom  school  and  place  them 
iimler  the  care  of  tutors,  or  in  private  schools,  where  the  amount  of  work 
Inquired  ean  be  strictly  under  control,  the  alternative  being  to  stop  their 
work  altogether. 

The  Work  required  at  Home. — The  large  amount  of  work  required  to 
be  done  at  home  in  the  prepanition  of  lessous  for  the  following  day  is  an 
evil  itiUing  tor  definite  modification.  Tlie  greatest  possible  cai*e  as  to  the 
hygienic  arrangement  of  <mr  school  buildings  and  turnishings  cannot  remove 
evils  which  assail  the  child  at  home.  During  the  winter  mouths  especially, 
the  less<3iis  at  liome  must  Ix*  piY^pare<l  by  the  aid  of  artificial  light,  and 
usually  in  the  midst  of  tlu*  iamily  circle.  With  rare  exceptions,  the  child 
will  be  left  to  his  own  arraugement  of  book  and  light,  and  there  will  be  no 
attention  paid  to  the  relation  between  eliair  and  table,  or  to  the  position 
assumed  in  reading  and  writing  J     Observation  and  wide  inquiiy  among 
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patients  have  shown  that  for  both  private  and  public  school-children  in 
this  community  three,  and  often  four,  lessons  must  each  evening  be  ])re- 
pared  at  home.     When  this  work  is  added  to  that  of  the  sessions  of  the 


^  The  pofiftibilities  in  reach  of  the  child  at  home  are  stmngly  suggested  in  Fig.  1% 
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s<:*hool,  together  with  the  necessary  coiifioemeiit  and  restraint,  it  m  obvious 
that  the  sehuol  life  of  the  child  hectjmes  a  bt*avy  burden^  which  rest^  upon 
the  young  slioulders  with  a  continuity  almost  unbroken — certainly  for 
certain  tetnpeniiiients  and  for  ambitious  or  studious  ehildren^ — for  about  teu 
hours  daily.  It  is  not  surprising,  therefore,  that  so  many  children  fail  in 
general  health,  or  that  their  eyes  should  give  way  under  the  strain  of  so 
many  houi"s  of  work,  a  very  large  percentage  of  which  is  done  at  a  near- 
p4jint,  as  in  reading  and  writing.  Even  should  it  be  at  tlie  cost  of  less 
rapid  progress  iu  their  edut^ational  work,  1  am  convinced  that  a  dceidi^d 
reform  in  this  respect  is  mueli  needed.  It  is  probable,  however,  tiiat  no 
loss  would  l)e  sustiijued,  since  the  freedom  from  restraint  and  the  opportunity 
for  exercise  in  the  open  air  and  the  earlier  hour  for  l)ed  would  add  effi- 
ciency to  the  work  performed  in  the  school-room.  It  is  an  unmixe<l  evil 
to  require  a  tired,  drowsy^  and  anxious  child  to  work  over  books  in  the  close 
atmosphere  of  the  family  room  uutil  overcome  by  exhaustion.  An  evening 
passetl  in  this  manner  must  be  followed  by  restle.-s  sleep,  disturbed  by  dreams, 
instead  of  the  calm  slumber  !^o  natural  to  the  healthy  elu'kL  Wise  parents 
are  often  able  to  modify  these  harmful  conditions  in  a  measure;  but  it  is 
nevertheless  true  that  in  numberless  eases  the  eomfbrt  of  an  entire  iamily, 
and  especially  of  the  self-saerificiug  mother,  is  destroyed  night  after  night 
by  the  preparation  of  the  eluldren^s  lessons  at  home.  It  woidd  seem  rea- 
sonable to  contend  that  the  iive  or  six  hours  daily  devoted  to  the  sessions 
of  the  school  from  the  age  of  six  or  eight  years  to  that  of  sixteeji  or 
eighteen  should  be  suffif^ent  to  prepare  the  young  student  either  for  col- 
lege  or  for  l>usiness,  without  infringing  so  seriously  upon  the  home  life 
of  the  child  and  employing  in  study  time  which  should  be  devoted  to 
recreation. 

£vih  of  ike  Readtjuf  Habit. — In  this  conuec*tion  allusion  must  be  made 
to  the  almost  universal  habit  of  reading.  Interesting  books  and  {XTicxli- 
eals  expressly  pn^panxl  In*  skilful  authors  for  the  instruction  and  amuse- 
ment  of  the  young  atlbril  ronstaut  temptation  to  tlie  use  of  the  eyes  in 
reading,  whieli  is  often  allowed  or  ent^ouraged  by  parents  at  hours  when 
their  children  should  be  sleeping.  Thei'e  can  be  no  reasonable  doubt  that 
this  reading  bal>it  is  an  important  factor  in  prtxlueing  injury  to  ^*yefj  which 
would  without  it  i>ass  safely  th rough  the  strain  im|>osal  by  the  sel tools. 

Necessiti/  for  a  Break  in  the  CoMmuili/  of  Work. — Much  might  be  said 
here  regarding  invi^tigations  whit-fi  liave  l)een  nuide  into  the  physiob »gietd 
limit  of  time  in  which  useful  intellwtual  work  can  be  done.  Tliis  would 
appear  more  appropriately,  however,  in  eonsideriog  the  general  subject  of 
school  hygiene.  All  investigation  points  to  the  need  for  frequent  intervals 
of  rest.  What  is  true  of  the  brain  is  also  eminently  true  of  tlie  eyes. 
Since  the  strain  upon  the  eyes  is  greatest  at  near-work,  it  should  be  so 
arranged  that  the  blacklwiard  and  wall-map  exercises,  oral  instruction, 
lectures,  etc.,  should  fre<pu^utly  interrupt  the  studies  which  require  close 
application  in  reading  and  wTiting,  and  that  the  school  session  should  be 
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broken  by  short  recesses  passed  in  the  open  air,  or  by  gymnastic  exercises, 
marching,  etc.  In  one  of  uur  city  schools^  at  a  recent  vi^it,  I  found  the 
entire  school,  consieting  of  over  tliirteen  hundred  piqiils,  marching  and 
oounternm Inching  through  the  rooms  and  corridors,  and  on  inquiry  found 
that  this  was  done  twice  daily,— in  the  middle  of  the  morDing  and  after- 
noon sessions,— each  class  lieing  marched  to  the  urinals  and  back  again  to 
their  respective  elass-nxjms,  a  devitx^  which  not  only  saved  much  otherwise 
unavoidable  annoyance  and  interruption  during  the  session  of  the  school, 
but  also  afforded  a  break  in  the  continuity  of  work. 

Term  ExamiiuithTis. — Another  evil  to  lie  deploreri  is  the  system  of  term 
examinations  in  vogue  in  the  sohool^.  In  order  to  determine  the  class 
standing  of  tlie  |)iipikj  midwinter  and  June  examinations  are  held.  Since 
promotion  is  made  contingent  upon  the  successful  passing  of  the  examina* 
tion,  it  follows  that  lor  a  lew  weeki>  l)efore  the  coming  trial  both  teacher 
and  pupil  are  prompted  to  extraordinary  diligence  in  reviewing  the  work 
of  tlie  term.  This  requires  uj>on  the  jiart  of  tlie  children  a  tH>nsiderabIe 
increast^  in  the  houi-s  of  study  and  a  corresponding  tresjiass  upon  the  time 
which  should  \m^  devutcnl  to  ra^reation  or  8le<^p.  While  it  is  doul^tless  true 
that  this  protracted  strain  falls  heavily  upon  the  eyes  and  general  health  of 
all  the  pupils,  I  have  had  abundant  opportimity  to  witness  its  especially 
baneful  influence  upon  weak-eyed  children.  I  have  many  times  observe<1 
almost  sudden  rela]>ses  of  chorioidal  disease  with  an  increase  in  refmcrtion 
brought  about  in  the  eyes  of  patients  after  this  spasmodic  exertion  in  pre- 
paring for  examination,  and  this,  too,  after  the  steady  work  of  the  term  had 
lieen  at"eom}>lished  without  harm.  In  view  of  tlie  great  strain  upon  the 
physical  endurance  of  the  ehikh'en  imposed  by  these  periodical  examina- 
tions, it  is  probable  that  better  results,  even  from  the  stand-iK»int  of  the 
educator,  would  be  reached  by  frequent  unexpecttHl  reviews,  by  more  careful 
teaching  throughout  the  term,  and  by  allowing  the  class  standing  and 
fitness  for  |>i\»motion  U)  \)e  determined  by  the  marks  for  recitation  and 
by  the  teacher's  estimate  of  the  pupil  based  upon  knowledge  gained  by 
daily  contact. 

It  does  not  fall  within  the  province  of  the  physician  to  sit  in  judgment 
upon  the  relative  merits  of  the  educational  methods  adopted  in  our  schools, 
except  so  far  as  they  may  affect  the  physical  well-being  of  the  pupils ;  but 
where  injury  is  liable  to  occur  as  a  result  of  the  methods  employed,  I 
submit  that  such  methods  should  be  either  abandoned  or  so  modilietl  as  to 
remove  their  injuritms  effects. 

THE    ARCHITECTURE    OF   8CHQOI.   BUILDINGS. 

Another  phase  of  si-hool  hygiene,  separated  from  the  educational  methods 
of  the  school-room,  but  of  vast  imp*jrtance  both  for  the  general  health  of 
the  pupils  and  fir  the  safe  and  comfortable  use  of  the  eyes,  is  the  question 
of  school-house  architecture. 

Location, — In  the  construction  of  school  buildings  the  first  point  for 
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consideration  is  a  suitable  and  healthful  Icx'atioo*  In  cities  it  is  not  always 
practieable  to  take  into  account  the  uatiire  ot*tlie  soil  njwn  which  the  school 
building  is  to  be  Reared,  nor  is  it  ao  imimrtant  as  in  riii-al  districts,  since 
care  is  usually  oxemised  to  secure  aniHi-ial  dniinage  and  sanitary  protection. 
In  the  country^  however,  it  is  important  to  choose  a  well-drained  li»cation, 
if  possible,  without  a  clay  suljsoil  and  remote  from  malarial  or  other  injurious 
environments.  In  citit^  the  school  biiildinjLf^s  should  not  Ix'  situated  on 
narrow  streets,  or  amid  high  surrounding  buildings  which  shut  out  the  light 
and  prevent  the  free  circulation  of  air.  The  locality  should  always  be 
remote  from  manufactories,  markets,  etc.,  in  oi"der  to  avoid  their  distracting 
noise  and  confusion  and  their  exhalations,  smoke,  and  dust.  Where  it 
is  possible,  ample  ground  should  be  secured  for  sports  in  the  open  air 
during  intermissions  of  the  school  session.  Where  this  is  not  possible 
from  any  cause,  the  building  should  be  constructed  with  a  flat  roof, 
which  in  fair  weather  am  Ix^  used  as  a  play-gronud,  and  with  large,  well- 
lighted,  and  dry  cellai's,  which  can  be  used  for  purposes  of  recreation  on 
stormy  days.  In  the  construction  of  the  school  building  pm vision  should 
always  l>c  made  ibr  a  well-lighted  and  well- ventilated  cellar  under  the 
entire  structure,  the  floor  of  which  should  l>e  not  more  tliau  three  feet 
l)eluw  the  surface  of  the  ground,  and  its  ceiling  not  less  than  eight  feet 
from  the  flo^ir,  which  allows  space  above  ground  ior  windows.  The  cellar 
Malls  should  be  c(»nstructed  with  a  water  tablcj  and  inside  both  walls  and 
fliior  should  bt^^  thoroughly  cemented  in  order  to  exclude  all  dampness  from 
the  surrounding  soil,  while  the  <?eiling  should  be  plastered  in  the  most 
tliorough  numner*  The  windows  should  Ije  ample  in  size  and  sutficieut  in 
numlxT  to  secure  good  lighting  and  draughts  of  air  by  opening  them  in 
dry  weather.  In  the  newer  schoul-houses  in  Philadelphia  this  plan  has 
been  adopted,  and  in  one  of  them,  the  Francis  M.  Drexel  School,  I  foivnd 
a  large,  diy,  and  well  warmetl  and  lighted  cellar  devoted  to  the  purposes  of 
recreation  on  niiny  days.  In  one  part  of  it  a  large  quantity  i^f  dry,  clean 
sand  had  l)een  placed,  and  the  primary  school  children  were  pleasantly 
amusing  thems*4ves  with  bucket  and  shovel,  as  at  the  sea-shore.  On  the 
surrounding  wall  had  Ixtm  painted  a  representation  of  the  surf» 

As  to  the  general  jilau  or  detail  of  construction,  only  those  points  which 
interest  us  from  the  stand- point  of  the  hygiene  of  vision  will  be  mentioned. 
SuflBcient  light,  projicrly  admitted  to  the  school-rooms,  is  of  essential  im- 
portance, and,  therefore,  should  \w  first  fxinsidercnl  in  the  architectm'al  plan 
for  every  school -ho  use.  The  Ix^t  pkm  ibr  large  buildings  is  that  whirh 
provides  for  their  construction  around  a  large,  0{>en»  central  square  or 
quadrangle,  one  or  more  sides  of  which  can  be  utilizeil,  the  other  sides  nf 
the  t!i|nare  being  covered  as  the  growing  demands  of  the  neigh IxirhocKl 
may  riM^uire,  The  sides  of  the  building  next  to  the  central  square  should 
he  devoted  to  corridors,  teachers'  rooms,  tlie  executive  department  *jf  the 
building,  water-closets,  fireHi'scajyes,  eU\,  while  in  the  square  sliould  be 
placed  a  smoke-stack,  heating  apparatus,  and  machinery  ibr  ibrced  ventila- 
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tion.  The  outer  side  of  the  structure  can  then  be  devoted  exclusively  to 
the  school-rooms.  The  further  details  of  this  general  scheme  are  shown 
in  the  ground-plan  (Fig.  13)  kindly  furnished  me  by  Mr.  Joseph  D. 
Austin,  the  architect  of  the  Philadelphia  School  Board,  and  its  general 
features  are  explained  in  his  accompanying  letter,  which  through  his 
courtesy  I  am  permitted  to  publish. 

"Office  of  the  Architect  and  Supervibob  of  the  Board  of  Public  Education. 

*'  Philadelphia.  December  12, 1898. 

*'  Dear  Sir, — Agreeably  to  promise,  I  enclose  herewith  a  plan  which,  after  years  of 
experimenting,  appears  best  adapted  to  school  purposes,  under  the  system  of  teaching 
adopted  in  this  city. 

**  The  chief  merit  of  this  plan  of  building  is  in  economy  of  room.  The  sliding  doors 
separating  the  class-rooms,  when  pushed  into  the  pockets  provided  for  their  reception, 
afford  a  large  hall  for  assembling  purposes,  which  can  be  again  converted  into  separate 
class-rooms,  each  heated,  ventilated,  and  lighted  as  well  as  if  designed  separately. 

'*  Another  merit  of  ihe  plan  is  the  facility  with  which  the  size  of  the  building  can  be 
increased  as  the  growth  of  the  district  may  require. 

"  The  wing  rooms  in  very  many  cases  are  attached  several  years  after  the  main  build- 
ing is  finished,  and  this  can  be  done  without  interfering  with  the  sessions  of  the  school. 

<*  Most  of  the  buildings  are  of  necessity  three  stories  in  height.  This,  under  the  law, 
requires  fire-escape  stairways.  We  endeavor  to  make  these  of  such  easy  access  and  so 
easy  of  themselves  that  they  can  be  used  daily  in  preference  to  the  internal  stairways. 

**  The  steps  and  risers  are  of  slate  enclosed  in  brick  partitions,  but  open  to  the  weather 
at  each  landing,  so  that  there  can  be  no  possibility  of  an  accumulation  of  smoke  in  the 
event  of  a  fire  in  the  building. 

**  The  class-rooms  are  of  uniform  size,  twenty-four  by  thirty-two  feet,  with  ceilings 
thirteen  feet  high, — nine  thousand  nine  hundred  and  eighty-four  cubic  feet, — designed  to 
accommodate  forty-five  pupils,  about  two  hundred  and  twenty-two  cubic  feet  for  each 
(good  authorities  recommend  two  hundred  and  fifty  cubic  feet). 

*'In  an  eighteen-division  school  building  constructed  on  this  plan,  two-thirds  of  the 
class-rooms  are  lighted  from  two  sides  [front  and  rear— 8.  D.  R.],  the  window  surface  being 
equal  to  one  fifth  of  the  fioor  surface ;  while  the  inner  or  side  rooms  are  lighted  from  one 
side  only,  the  window  surface  being  equal  to  only  one-nintli  of  the  fioor  surface. 

"  I  think  in  a  perfect  school-room  the  window  surface  should  not  be  less  than  one-sixth 
of  the  fioor  surface. 

*'  You  will  notice  a  coat-room  attached  to  each  class-room,  of  sufficient  size  to  accom- 
modate hats  and  wraps  of  the  forty-five  pupils  in  the  class.  These  rooms  are  ventilated  by 
transoms  into  the  hall-ways,  and  cannot  contaminate  the  air  of  the  class-room. 

"  In  reference  to  seating  arrangements,  we  have  adopted  the  combination  seat  and 
desk,  arranged  to  have  the  light  either  on  the  left  of  the  pupil  or  on  the  left  and  rear. 

*'  We  find  the  following  tjible  of  heights  and  sizes  best  adapted  to  our  three  grades, — 
Grammar,  Secondary,  and  Primary, — with  two  sizes  for  each  grade. 


Length  of  Top. 

Height  to  I^wer  Part 
of  Top. 

Height  to  Front  of 
Seat. 

Grammar,  double,  42  inches 

Grammar,  single,  24  inches 

Sprondarv    douV)le    40  inches                    .    .    . 

27J  to  28  inches. 
27J  to  28  inches. 
25  to  26 J  inches. 

15}  to  16}  inches. 
155  to  16}  inches. 
13}  to  15  inches. 
13}  to  15  inches. 
11 J  to  13 J  inches, 
llj  to  13J  inches. 

Secondary,  single,  21  to  22  inches 

Primary,  double,  38  inches 

Primary,  single,  19  to  20  inches 

25  to  2e>i  inches. 
21}  to  23}  inches. 
21J  to  23}  inches. 
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**Blackbohrd  surface  \s  always  arranged  to  the  front  and  right  of  the  pupila,  and 
never  between  windtiws. 

**  The  rixjnis  ani  hetitiAl  with  steitm,  dm.^et  and  indirect  system  combined  :  indirect  for 
the  purpose  of  introducing  fresh  wnnni'd  air  iot4J  the  room^  and  the  direct  system  to  ^np- 
pleniefit  the  indirect  in  very  exposed  positions, 

^*  We  aim  to  inject  into  the  room  about  nine  hundred  cubic  feet  of  air  per  rainutCj  or 
about  twenty  cubic  feet  for  each  pupil. 

**  Ventilation  is  efiected  at  the  floor  and  ceiling  line  by  register  o[:»eningfi  into  the 
large  staeksi  where  an  artitlciul  current  is  established  either  by  coib  of  pipe  or  exhamt  fans, 

*<  Very  truly  yours, 

(Signed)         "  Jos.  D.  AusTlK,'* 

Fig,  13  is  the  floor- plan  furnished  by  Mr,  Austin,  and  Figs.  14  and  15 
are  views  of  ttie  c<jinplete<l  building  and  of  the  interior  of  the  school- 
rooms.  The  blackboard  partitions  are  run  hnck  into  their  [Kjckets,  so  that 
the  geries  of  school-rounis  along  the  eastern  ?5ide  of  the  btiilding  are  thrown 
into  one  large  assembly -mom. 


THE  LIGHTING   OF  SCHOOL-ROOMS. 

Among  the  many  advantages  secured  by  this  admirable  metlitxl  of 
construction  is  that  it  affonls  opportnuity  to  seciire  sufficient  and  proper 
lighting  of  all  the  sehool-ruomSj  which  are  arranged  in  succession  around 
the  outer  side  of  the  cpiadrangle.  So  far  its  the  hygiene  of  vision  is 
concerned,  this  is  of  primary  importance,  since  %vithout  miecjuate  light, 
j>roi.>erly  admittci!  to  tlie  ro<jm,  the  eyes  cannot  be  placed  under  favorable 
conditions  for  tlie  perlorniance  cd*  tlieir  important  function.  The  imjx>r- 
tanee  of  sufficient  hght  cannot  be  too  strongly  urged.  Two  points  are  of 
especial  importance:  first^  the  quantity,  and,  second^  the  direction,  of  the 
light  Neither  of  these  is  likely  to  he  secured  unless  they  are  placed  lx?fore 
the  architect  as  fundamental  requirements  in  the  construction  of  school 
buildings. 

Quandltf  of  Light — It  is  obvious  that  no  plan  of  construction  can 
atoue  for  the  too  cloJ:ie  proximity  of  surrounding  structures  which  shut  uut 
the  light  or  reflect  it  injuriously  from  their  opposing  walls  or  windows. 
Tlie  rule  given  by  Javal  is  a  good  one,^ — viz.,  that  the  distance  of  sur- 
rounding structures  should  Ix*  twice  thc^ir  height.  Fu**hs  places  the  angu- 
lar measuremetit  of  near  buildings  at  from  twenty  to  twcnty-iive  degrees. 
With  this  rule  strictly  followed,  the  sky-ltght  will  fall  dirwtly  upon  the 
desk  of  every  pupil  in  any  pr<f|>crly  propi>rtiontHl  school-rixmi.  As  to 
the  quantity  of  light,  Cohn  very  properly  maintains  that  there  c*annot  ha 
too  much,  and  Javal  insists  that  every  portion  of  the  room  should  be  so 
flooded  with  light  that  the  darkest  plac<?  will  have  sufficient  illumination 
on  a  dark  day.  Numerous  and  ingenious  photometers  have  l>eeu  devised 
to  determine  the  aetual  amount  of  liglit  in  any  given  room.  A  sufficient 
test,  however,  is  the  ability  of  a  normal  or  o|>tically  coiTected  eye  to  read 
D.  ^-  *50,  or  diamond  tyj^e,  at  one-thinl  of  a  metre  (twelve  inches)  readily, 
or  to  distinguish  No.  VI.  on  a  caixl  of  standaril  test-letters  at  six  metres 
Vol.  IL— 26 


i 


j 

i 


I.! 


6CHOOL   HYGIENE. 


387 


(twenty  feet).  The  importance  of  sufficient  light  is  made  manifest  by  any 
attempt  to  n^ad  m  the  twilight  or  in  a  dimly  lighted  nx>m.  The  tendency 
is  to  hold  the  jxige  too  neai"  the  eyes,  in  order  to  secure  a  larger  retinal 
image^  or  pus.sibly  to  take  advantage  of  the  law  that  the  illumination 
diminishe;^  a,s  the  sijiiare  of  the  distance.  The  strain  upon  the  accommo- 
datiou  and  eoovergeiiee  brought  about  by  this  abnormal  near- point  soon 
causes  undue  congestion  of  the  eyeball  and  surroundiug  tissues,  and  thus 
kleads  to  increastxl  iutra-cKiuilar  tension.  This  tiu'gest^ence  of  the  ocular 
membranes  is  still  further  favored  l>y  the  disturbance  of  the  eiR'ulatiou 
and  respiration  brouglit  almut  by  the  faulty  pcjsition  of  tlie  body  which 
is  also  usually  assumed  when  the  bot>k  is  held  too  near  the  face.  The 
great  harm  which  may  result  from  insufficiently  lighted  n^oms  I  sjiw 
illustrated  in  a  school  of  eighty  children.  The  light  was  so  poor  that  on 
a  bright  aiternoou  I  could  not  rend  diamond  type  in  any  part  of  the  room. 
The  average  age  of  the  children  was  a^KJUt  nine  years,  and  yet  I  did  not 
find  a  siugle  healthy  eye  in  the  eJa.ss.  They  were,  witliout  exception, 
unduly  sensitive  to  light,  had  turgid  chorioide,  and  suffered  from  headache 
and  other  nervous  symptoms  in  varying  degrees*  Many  w^ere  suffering 
from  cramp  of  tiie  accommodation,  and,  although  very  iew  had  as  yet  de- 
velopetl  a  static  myopia,  that  this  would  have  been  the  result  in  many,  had 
their  work  been  continued  under  such  unfavorable  conditions,  cannot  he 
doubted,  sintx^  many  of  them  had  V.  le^s  than  y  j,  and  the  accommodation 
cramp  sinudated  near-sight  Cohn  found  in  I8(i5  more  myopia  atuong 
the  elementary  siJicmjIs  where  the  light  was  shut  out  by  contiguous  buildings, 
and  espeeially  in  those  classes  wliich  were  locsiteil  on  the  ground-floors,  for 
here  the  light  w^as  still  more  deficient  than  in  tlie  higher  rooms. 

It  is  the  duty  of  the  architect,  therefore,  to  seeum  in  his  plan  all  the 
window^  surface  possible  consistent  with  safety  of  construction.  The  rela- 
tion bctwct^n  the  actual  surface  *)f  ghiss  in  tlie  windows  and  the  floor  simee 
should  be  subject  to  dctinite  retpiirement,  below  which  it  slii>uld  never  l)e 
allowed  to  fall.  In  the  Prussian  model  sehool-room  exhibited  at  the  Paris 
Exhibition  in  1867,  Professor  Cohn  found  16.7  srpiare  inches  of  glass  to 
each  sr|uare  foot  of  floor  spait^,  and  in  the  American  model  32.2  inches,  but 
be  proposes  that  there  should  l>e  at  least  30  square  inches  to  every  square 
foot,  or  one  srpiare  loot  of  glass  for  every  five  scjuare  feet  of  floor  space. 
In  the  Vienna  Exhibition  of  1H73,  in  seven  exhibits  this  percentage  of 
glass  to  floor  space  was  not  reaehetl  in  five  and  was  exceeded  in  two.  In 
the  Swetlish  school  it  was  32,  and  in  the  model  of  the  Franklin  School  at 
Washington  52.8.  As  demonstratiug  the  growing  reeoguition  of  the  im- 
portance of  sufficient  light,  he  found  at  the  Paris  Exhibition  in  1878,  in 
the  Fcrrand  School-House,  that  the  window  space  and  the  flot>r  8j>aoe  were 
approximately  cr|uah'  It  is  obvious  that  the  proper  nitio  of  glass  to  floor 
space  is  mmlifleil  by  the  environments  of  tlie  buihling,  by  the  elevation  of 
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the  6<:*hool-ruom  above  the  ground,  aatl  by  the  color  of  the  walls  both  of 
surrounding  strut^'tures  and  of  the  room  itself.  The  ratio  should  of  neces- 
sity be  a  more  Uberal  one  for  the  rooms  situated  upon  the  ground-floor, 
unless  the  building  is  remote  from  crbstruetions* 

Undue  regard  to  eust  of  eoni^truction  €ir  to  the  external  appearance  of 
the  builduif]^  should  nut  eontrol  the  arehiteet  as  to  the  amount  of  surface 
devoted  to  windows  and  the  intervening  wall  spaoe.  In  every  school 
building  the  latter  should  be  sufficient  only  to  insure  the  stability  of  the 
structui'e  and  tt*  supply  aceonimudation  for  ventilation,  heat-  and  dust- 
flues,  etc. 

The  quantity  of  ligiit  is  grt^atly  modified  by  the  color  of  the  walls  in 
the  school-room,  Tiie  red  end  of  the  spectrum  should  never  be  cliosen  in 
the  painting  or  decorating  of  school-rooms,  as  much  light  is  lost  by  the 
employment  of  these  colors.  The  lighter  or  more  delicate  shades  of  yellow, 
green,  blue,  or  light  gvavi^  should  Ix*  cho.seu.  The  large  i>ereentage  of  wall 
s|jaee  often  occupied  by  blackl>oanls  causes  much  loss  of  light.  They  are, 
of  course,  a  practical  necessity  in  every  school-room,  but  when  not  in  use 
they  can  be  covered  by  roller  shades  of  the  same  color  as  those  used  at  the 
windows  or  on  the  walls.  For  the  same  rejisem  ligbt^colurtHl  wlhxIs  should 
be  selected  for  the  school  furnitiiiT  and  for  the  wood-work  used  in  the  cx)u- 
struction  of  the  building.  The  value  of  the  lighter  shades  of  color  in  the 
decoration  of  rooms  as  a  meaus  of  saving  light  I  have  found  Ibrcibly 
demonstrated  in  different  rooms  of  my  own  house.  In  one  room  the 
prevailing  tints  arc  meilium  shades  of  terra-cotta,  w  itli  dark  frieze  and 
hangings  and  walnut  bookcases.  In  a  second  the  tints  used  in  the 
decoration  are  faint  yellow,  with  hangings  in  harmonious  shades  of  c<:)lor, 
and  light  furnishings.  In  the  firsts  D.  =^  ,-^0  could  be  r^d  distinctly  at 
one-thiixl  of  a  meti'e,  no  farther  than  two  metres,  from  a  single  sixteen- 
candle  incandescent  electric  lamp  ;  while  in  the  second  nxini,  with  its  lighter 
shades  of  color,  the  same  type,  under  exactly  similar  conditions  in  all  other 
respects  than  the  color  usetl  in  the  decoration,  could  be  read  with  cH:jual 
facility  at  three  and  a  half  metres  from  the  lamp.  The  quantity  of  light 
will  also  vary  greatly  on  different  days  and  during  different  parts  of  the 
same  day.  Thus,  ro<ims  having  an  eastern  or  a  southern  exposure  will 
be  better  lighted  during  the  morning  hours.  The  window  space  should 
therefore  be  estimated  for  the  least  favorable  a)uditions,  so  that  even  on 
dark  days  or  during  the  h^ast  favorable  houi"s  of  the  day  the  light  shall  l:>e 
adeciuatc.  There  should  never  lie  less  than  one  s<piare  foot  of  glass  in 
the  windows  to  five  square  feet  of  floor  in  tlie  school-room.  This  is  often 
inadequat^^  in  the  dark  weather  whicli  prevails  for  so  large  a  p(*K*cntage  of 
the  time  during  the  winter  months  in  this  climate*  and  for  school-hotises 
badly  situated  as  to  surrounding  buihlings.  IiidtHxI,  I  think  it  should 
always  be  exceedetl  for  rooms  with  a  northern  exposure  and  wheiH?  the  win- 
dows are  situated  in  hot  one  end  of  a  long,  narrow  room  (Fig.  IG). 

The  architectural  arrangement  shoidd  be  such  that  the  windows  will 
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Sky-lighting  has  l:>e<?n  recommendcHl  as  preferable  to  all  other  methods. 
I  have  seen  exariijiler^  uf  this  tnily  in  weaviijt^  esta hi i -aliments  and  in  the  ana- 
t^raieal  ampbitlieatres  and  opemting-r(X)m8  in  hospitals  and  medical  colleges. 
In  large  st*houl  buildings  it  isnhviuiis  tfiat  the  sky-light  is  possible  only  for 
the  upper  Hour,  just  where  it  is  re<p»ired  letist.  The  great  heat  produced  in 
siieh  rooms  during  the  summer  months,  and  the  difficulty  of  heating  them 
in  c^ld  weather^  are,  however,  iusupenil>le  objections  to  tliis  form  of  lighting, 

Dlredlon  of  Light, — Another  |>oiiit  of  great  praetiad  impoitanoe  is  the 
direction  from  wdiieh  t!ie  light  falls  upon  the  desk.  In  the  first  place,  the 
desks  should  ue%^er  lie  so  arraug<xl  that  the  pupils  shall  face  the  window, 
Tlie  harmful  effei^tof  such  seating  is  luuuistakable,  as  I  have  had  abundant 
opportunity  to  observe.  In  1878  I  found  many  classes  in  the  Philadelphia 
schools  so  seated,  and  in  many  of  the  rooms  the  blacklxiards  occupied  the 
wall  surface  Wtwceu  the  windtjws*  The  injurious  result^s  of  this  arraugo- 
meut  had  bivn  i^ajguizcd  by  the  School  Board,  and  the  class  seating  was 
being  rapidly  reverseth  This,  of  course,  made  it  necessary  for  the  teachers 
to  face  the  window,  and  as  a  result  I  was  siHin  gi'eeted  with  a  chorus  of 
complaints  because  of  their  headaclies  and  troublesome  eyes,  dating  back 
to  the  change  in  the  seating  of  their  school-i'ooms.  Thus  incidentally  was 
furnislkxl  a  practical  demonstration  of  the  injurious  effects  of  working 
with  a  light  falling  dinx-tly  upon  the  uuprot€M:ied  eyes  wliile  reawling  or 
WTiting,  From  the  slaud-i>oint  of  the  ophthalmologist,  tlie  ideal  schiiol- 
room  is  lighted  only  from  the  left  side,  or  the  left  and  the  iTar,  of  the  pupils. 
In  every  properly  const  nu^tixl  school -ho  use  lighting  from  two  opposite  sides 
sliould  Ix*  avoided  under  all  ordinary  rircumstauces,  since  it  occasions  cross- 
lights  and  }>erverse  shadows.  Id  localities  where  the  light  is  ol)Structed  by 
tall  trees  or  contiguous  structures^  or  whei'e  the  architectural  design  of  the 
building  permits,  tlte  liglit  in  the  room  may  be  increased  l)y  windows  on 
the  right  side  also,  since  this  is  better  than  a  torj  dark  room ;  but  they  should 
Ije  phiwd  high,  the  bottom  of  the  windnw  being  not  less  than  thnx^  metres 
from  the  floorj  or  the  lower  sasli  should  be  hal>itually  shadetl  by  boaixl  shut- 
ters or  o|>a<pie  shades.  The  addtxl  illumination  of  the  ceiling  thus  secured 
w^ill  increase  the  diffiLsed  light  in  the  room,  and  in  hot  weather  these  win- 
dows will  atibrd  additional  ventilatiitn  ;  Init  even  under  this  arrangt^ment 
the  sky-light  will  fall  from  the  right  side  upon  the  desks  must  remote  from 
the  windows  and  cause  annoying  shadows  and  cross-lights.  Where  addi- 
tional light  is  utK'essary,  better  results  <^au  be  reached  by  placing  at  tlie  lower 
half  of  the  windows,  on  the  left,  a  SfHxmd  outer  sash,  glazed  witli  fluted 
glass,  which  can  be  dit>p[ied  outward  at  an  angle  of  thirty-five  or  forty 
degrees  and  will  then  act  as  a  irflector  and  tlirt>w  the  sky-light  on  the 
desks  of  the  [jupils.  This  expwlicnt  I  have  seen  adopted  to  increase  the 
illumination  in  insuflBciently  lighted  eounting-nxjms  in  mercantile  houses 
where  the  windows  open  into  d<M'p  wells  fbrmed  by  other  jmrts  of  the 
large  buildings,  and  in  one  instiince  I  saw  the  lower  rooms  of  a  church 
lighted  in  this  way. 
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Wliere  there  are  liigh  contiguous  structures,  their  harmful  influence  in 
excluding  the  light  imiy  in  some  meiisure  be  obviated  by  painting  their 
walls  in  some  light  color. 

The  uufoitunate  eftec:t  of  the  j>erve!^e  Hghtinj^  affordeil  by  windows 
on  the  riglit  side  only  is  well  illuslrateil  by  the  photograph  taken  for  nie 
by  Mr.  Swoixl  and  reproduced  in  Fig.  17.  The  uncouth  and  irregular 
postures  of  the  young  eliildreu  iu  the  class  are  oceasione<l  in  large  part  by 
the  struggle  to  avoid  the  shadow  of  the  hand,  which  tails  directly  at  the 
point  of  observation.  There  is  scarcely  a  member  of  the  class  in  a  com- 
fiirtable  or  natural  position.  As  w^e  shall  observe  later,  this  is  iu  part  due 
to  the  improper  arrangenieut  of  the  desk  and  seat,  but  the  injurious  eif(K»t  of 
the  right  side  light  is  not  open  to  question.  The  class  shown  in  the  photo- 
graph Fig.  18  occupied  a  miutheast  tx>rner  room  on  the  second  floor  in  the 
Francis  M.  Drexel  Schciol  (Fig.  15).  The  windows  are  tm  the  left  aud 
rear  of  the  class,  and  the  proportion  of  window  surface  to  floor  surface  is 
as  one  to  five.  The  modem  single  desk  and  seat  were  used  throughout  this 
almost  perfect  school  building.  The  natural  pose  of  almost  every  pupil, 
and  the  air  of  ci>mfort  which  pervades  the  class  of  girls  at  their  work,  are 
unmistakable  and  very  gratify ing,  and  afford  a  \"ivid  contrast  to  the  unfor- 
tunate situation  of  the  children  in  Fig.  17.  When  the  picture  was  taken,  the 
pupils  wTre  simply  requested  to  write  a  sentence  dictate*!  by  their  teacher, 
and  no  instruction  was  given  as  to  tlie  postui"e  they  should  assume.  It  will 
be  observed  that  in  the  northwest  corner  of  the  room  several  of  the  pupils 
have  placctl  their  paper  iu  such  a  position  as  to  secure  light  from  the  i-ear 
window  also.  In  the  same  building,  on  a  chtudy  day,  in  the  side  rooms, 
where  the  w^indow  sjiace  is  but  one-ninth  of  the  floor  simce,  the  light  Wiis  not 
sufficient  on  the  side  of  the  room  remote  from  the  windows,  but  was  found 
adequate  on  a  clear  day.  After  a  aireful  study  of  the  practical  results 
reached  in  this  and  other  buildings  constructed  on  essentially  the  same 
plan,  but  with  various  modifif^tions,  I  plactnl  in  the  hands  of  an  archit^jct, 
Mr.  J.  M,  Huston,  a  ground-plan  in  outline  much  the  same  as  Mr.  Austin's, 
with  the  dimensions  of  each  room,  window  an<l  wall  space  calculated  to 
meet  tlie  ideal  reciuirements  of  a  school-room,  together  with  many  sug- 
gestions as  to  details  of  eonstruction.  He  was  requested  to  furnish  the 
fl<jor-plan  and  a  sketch  of  the  wmpleted  building.  The  insult  is  shown  m 
Figs.  19,  20,  aud  21.  In  unilateral  lighting  the  lower  sill  of  the  window^s 
should  not  be  less  than  one  metre  from  the  fl«Mjr,  so  that  tlie  light  shall 
enter  well  above  the  heads  of  the  pupils  while  seattHl  at  tlie  desks,  aud  the 
tojB  of  the  windows  should  extend  to  the  ceiling.  The  w^all  space  on  the  left 
side  of  the  room  should  W  as  small  as  an-hitectural  requirements  will  admit, 
and  the  sash  and  centre  of  supports  so  const ructed  as  to  intercept  the  light  to 
a  minimum  degree.  We  see  examples  of  the  possibilities  in  this  direction  in 
our  great  shop-windows.  The  windows  should  W  groujx^l,  oe<^u|>ying  the 
centre  space  of  the  left-hand  side  of  the  n:M>m,  and  the  jaml>s  bevelled  in 
order  to  avoid  shadows.     These  conditions  of  lighting  determine  largely 
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the  dimensions  and  form  of  the  school-room,  A  high  ceiling  will  (per- 
mit higher  windows,  and  therefore  a  broader  floor  space,  and  still  allow 
direct  sky-light  to  fall  upon  the  desks  farthest  removed  from  the  window. 
In  the  new  s<"hool- houses  in  Pliiladelphia  the  windows  are  construeted  so 
that  a  section  of  the  upper  sasli  is  hinged  and  can  be  drawn  in  wan!  at  the 
top,  thus  giving  opportnnity  for  ventilation  without  direct  draughts  of  air 
upon  the  heads  of  the  children,  since  t!ie  innmiing  current  will  l>e  directed 
first  along  the  ceiling.  This  small  upper  sash  is  glazetl  witli  lightly  ground 
gla68.  The  following  dimensions  ai*e  given  as  a  working  basis.  Any 
considerable  departure  from  the  figures  given  will  iotTOduoe  less  favorable 
conditions,     (Fig.  11^.) 

Feet. 

Heiglit  of  ceiling ,    .    .    ,    .                       .    .        ,    .    .    *  15 

Length  of  nxim ,    .    .    .    .        .    .  82 

Width  of  rcMJiii 24 

Pier  or  hlank  wall,  rear  of  room    , 4 

Pier  or  blank  wall,  front  of  room ...»       .  4 

Space  allotted  to  group  of  windows 24 

Window-siU  from  floor  (bevel  li?d) *    .   .   .  3 

Top  of  window  from  flcior , 14 

Dimensions  of  window:  height,  11  feet;  breadth  .....    *..*..  24 
(Window-casing  bevelled  to  six  inches  from  ceiling.) 

Disr^aixling  the  sash  and  narrow  piers  or  jambs  introdneed  in  the 
construction  of  the  group  of  windowi?,  tliere  would  l»p  ior  the  ti^ntre  rooms 
two  hundrtnl  and  sixty-four  sfjiiaiT  fwt  of  glass  to  seven  huodred  and  sixty- 
eight  S4:juare  feet  of  floor  surface,  or  1  of  glass  to  2.9  of  floor  surface ; 
while  for  the  corner  rooms  tlie  proportron  wotdd  be  a]iproximateIy  as  1  to 
1.5.  The  capacity  of  the  room  would  be  eleven  thousand  five  hundred  and 
twenty  cubic  feet,  or  two  hundred  and  fifty-six  cubic  feet  of  air  space  for 
each  of  forty-five  pupils.  This  scheme  was  prescnttti  to  Mr.  Austin  for 
eritieism  in  the  light  of  his  large  exj>enence  in  st^iot*l -house  construction , 
and  met  with  his  approval  in  every  paiticular,  as  possessing  adtknl  adviin- 
tages  in  all  respects.  "The  cost  of  construction,"  he  remarked,  **  wou]d  he 
slightly  greater,  and  girders  should  be  placed  under  the  broad  windows  for 
increased  supi)ort,  an<l  the  intervening  walls  should  lie  heavier."  Fig.  14 
is  a  cut  of  one  of  the  Philadelphia  school  buildings  which  illustrate  the 
possibility  of  securing  betuity  of  architectural  outline  and  at  the  same  time 
met^ting  all  the  hygienic  rifjuircments  of  the  8ehool-n>oin.  Fig,  15  is  an 
interior  view,  with  sliding  partitions  whicli  contain  the  blackboards  driven 
home  into  the  pockets  provided  for  their  rtH?option,  thus  throwing  the 
succession  of  schmil-rooms  into  one  large  hall  for  general  exen.'ises.  The 
ground-plan  of  this  building  is  the  same  as  the  one  furnished  by  Mr,  Austin 
(Fig.  13).  The  plan  instructed  for  me  by  Mr.  Huston  is  presented  in 
Figs.  19,  20,  and  21,  the  latter  licing  a  detail  of  the  window.  In  the 
floor-plan  the  broad  window  spaee  and  the  narroAv  intervening  wall  are 
well  shown*     That  such  an  armngement  of  windows  is  susceptible  of  very 
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efleetivG  arohite*tural  treatment  is  obvious  from  the  Ijeaiitiftil  desigD 
suggested  by  Mr.  HiL^taii.  Id  an  aecompaiiying  ktter  he  auggesti^  **  a  light 
color  for  the  building,  red  granite  base,  yellow  brick  and  light  stone  or 
white  terni-eotta  trimmings,  ami  Reiiaissiinee  treatment  iu  detaih"  The 
flat  roof  he  i*egaixls  as  a  departure  iu  s^'hool  building,  and  he  Iuls  placed 
tfie  national  flag  at  the  four  coriiei'Sj  because  he  thinks  it  should  fly  from 
all  public  school  buildingi^.  The  flat  roof  I  had  suggi^stetl  as  a  suitable 
play-ground  for  tlie  children,  since  with  proper  fencing  it  could  be  made 
entirely  safe,  and  in  crowded  districts  of  the  city  it  is  Dot  always  jx^ssible 
to  secure  su ifieient  ground  for  the  purpose. 

While  the  material   ustKl  In  construction  as  suggested  by  Mr.  Huston 
may  be  too  costly  ibr  public  school   purposes,  the  beautiful  eftet:t  of  such 
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treatment  is  beyond  question.  From  the  point  of  view  of  hygiene,  a  less 
ambitious  structure  as  to  materials  employed  would,  however,  be  equally 
effective. 

Atiijieial  lUumination, — In  such  a  structure  as  has  liet^n  suggested, 
properly  hK-atixI,  artificial  illumiuatiou  nec<I  not  be  considered;  but  in 
old  or  iaulty  scluxil-rounis  it  often  Ijec^jraes  a  necessity,  and  is  greatly  to 
be  prefcrretl  to  insufficient  light.  For  this  purpose  the  inrandesceut 
electric  lamp  is  the  best.  A  sufficient  number  of  six  teen-candle  lamps 
should  be  arranged  in  a  group  in  the  a-ntre  of  the  ceiling,  with  a  large 
jioreelain  reflcx^tor  above  them,  and  others  drstributeil  at  intervals  of  a 
metre  or  less  along  the  cornice  of  tlie  room,  all  being  so  arranged  that  a 
part,  or  tlie  entire  number  of  lamps  may  be  tnrniHl  (*n  or  off,  as  required, 
by  conveniently  plac^ed  switches.  The  lamps  should  k*  nuide  of  lightly 
ground  glass,  so  that  the  glowing  carbon  wire  may  be  concealed,  the  white 
globe  itself  li<x'oming  the  sourtx"  of  illumination  lor  the  room.  Another 
excellent  arrangement  is  the  distribution  of  a  sufficient  number  of  lamps 
at  regular  inter\'als  over  the  ceih'ng.     These  guarded  lamps  placed  on  the 
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ceiling  do  nut  cause  dazzling,  and  when  proi)erly  distriboted  need  no  other 
sluidiiig  aud  do  not  east  shadows,  as  I  have  t)een  at  jains  tt>  verify.  In  a 
TiMjm  five  metres  high,  ten  metres  long,  and  eight  metres  wide,  containing, 
therefore,  four  hinidre<i  eubie  metres,  twenty-tive  sixteen-candle  inc^ndes- 
rent  lamps  woidd  IVirnisli  one  eandle  for  t*aeh  eubie  metre  of  spaee  in  the 
room.  In  a  rcKDm  %vitli  one  and  a  half  eandles  to  each  cubic  metre,  all 
distribotcxl  from  a  central  ehandflier,  I  was  able  to  read  D.  —  .50  (diamond 
type)  readily  at  one-thii-d  of  a  meti^e  in  any  pait  of  the  room,  with  the 
lamps  as  a  sole  souree  of  ilhmiination*  Therefore,  in  a  room  of  the 
diiiiensious  suggested,  designed  for  forty-five  pupils,  twenty-five  lamps 
would  foruisli  approximately  niae  eandles  for  each  pnpi!,  and*  added  to 
the  dayliglit,  even  on  the  darkest  days  would  atford  ample  illumination  in 
any  part  of  the  R'hool-room,  The  electric  lamp  has  the  gr^t  advantage 
of  being  readily  turnal  on  when  required  and  off  again  when  not  needed, 
and  does  not  interfere  with  the  air  of  the  room  by  consuming  the  oxygen 
or  vitiate  it  by  the  products  ol'  cf>rabustion. 

Expomtre, — There  is  differeuee  of  o|nnion  as  to  the  best  exposure  with 
reference  to  the  cardinal  jmints.  Dr,  William  F.  Norris  decides,  where  a 
choice  is  possible,  in  favor  of  a  norUiern  exposure  for  our  climate,  as  giving 
a  more  uniform  ligljt  and  avoiding  the  direct  glare  of  the  sun  through  the 
windows,  and  as  being  less  hot  in  the  summer.  Cohu,  on  the  other  hand» 
favors  without  qualification  a  southern  and  eastern  ex|x>sure.  In  a  warm 
climate,  or  in  localities  like  Denver,  Colorado,  where  the  days  of  bright, 
uninterrupted  sunshine  outminiber  the  cloudy  days,  a  northern  exposure  is 
probably  df'sirable.  In  Philadelphia,  dentists,  photographers,  and  draughts- 
men prefer  a  northern  light  because  of  its  greater  uniformity.  South  rooms, 
even  on  bright  days,  are  subject  to  a  constantly  varying  light,  as  the  fleeting 
clouds  now  and  again  ciLst  their  shadows  over  the  landscape.  Jly  own 
preference  is,  nevertheless,  for  rooms  having  an  eastera,  southern,  and 
western  exposure,  so  that  at  some  time  during  each  day  they  shall  be  bathed 
in  a  fiood  of  sunshine.  In  the  school -house  plans  given  al}ove  I  would, 
therefore,  where  it  is  possible,  place  the  corridor  east  and  west,  the  side 
rooms  of  the  plan  being  to  tlie  south,  and  tlic  wfngs  facing  rcsjicctively 
east  and  wn^t.  The  greater  cheerfulness  and  warmth  of  sun-lxithed  i*ooms 
and  their  compamtive  healtlifulnes.s,  are  not  open  to  question.  I  inquired 
of  the  principal  of  one  of  the  large  Pliiladelphia  schools  whether  she  pre- 
ferred the  south  or  the  north  rooms  in  the  Iniilding.  She  replied,  *'  I  like 
the  north  rooms  for  the  dniwiug  classes,  hut  prefer  the  south  rooms  for 
general  school  polyposes,  l>ecau8e  the  children  are  always  brighter,  more 
cheerful  and  oixlerly,  in  them/*  The  building  faced  east,  with  north  and 
south  wings,  so  that  she  had  o|»po  it  unity  for  daily  comparis<:>u.  It  should 
be  remcmliei'ed  also  that,  other  things  being  equal,  the  light  is  better  on 
the  south  side,  Cohn  demonstrated  this  to  his  satisfaction  at  tlie  Zwinger 
School  in  Breslau,  w^here  his  reading  tests  at  four  feet  (H)uld  not  be  dis- 
tinguished in  a  room  facing  north,  but  were  readily  made  out  in  a  south 


room,  an  other  conditions  being  the  same,     liie  snj>pnonty  ot   a  soiit 
light  I  also  lia%'e  l^eeii  at  pains  to  verity.     While  this  may  be  of  but  little 
importance  in  bright  weather,  the  light  then  being  sufficient  in  any  case,  it 
is  of  much  significance  on  cloudy  days. 

Tiie  inereastKl  beat  in  suu-bat!ied  rooms  during  the  hot  months  fintis 
ample  compen,'^tion  in  the  addal  warmth  and  cheerfulness  in  the  winter, 
while  in  the  summer,  it  should  b«^  remembered,  in  this  climate  tlie  pre- 
vailing winds  are  from  the  sou tli west,  and  may  be  admitted,  when  found 
desirablct  through  the  open  windows  and  corridors.  It  is  true  also  for  the 
United  States  that  the  school  vacations  begin  in  the  latter  part  of  June  and 
extend  into  September,  so  that  the  schools  are  closed  during  tlie  hottt»st 
weather-  That  it  is  objectionable  from  the  stand-point  of  the  hygiene  of 
vision  to  permit  the  direct  rays  of  snnlight  t^  fall  upon  the  desks  in  the 
school-room  is  true  ;  but  this  ttm  l)c  controlled  l>y  a  judicious  arntngcmcnt 
of  sliades^  These  should  be  of  some  neutral  tint.  A  linen  shade  known 
in  the  trade  as  the  **  Holland  shade,"  of  a  light  gray  or  straw-yellow  or 
cream  color j  is  suitalde  for  this  purpose,  I  prefer  the  cream- tinteJ  shade. 
The  shades  should  be  mounted  on  st-op-spring  rollers,  two  at  each  window, 
one  at  the  top,  the  other  at  the  bottom,  and  each  long  enough  to  cover  tlie 
whole  length  of  the  window.  The  lower  shade  can  be  drawn  upward  the 
entire  length  of  the  \vindow  l>y  means  of  a  coixl  running  through  a  check- 
pulley  at  the  top  and  thus  held  in  any  position  that  may  be  desired.  The 
top  shade  can  be  drawn  downwai-d  and  also  caused  to  screen  the  entire 
window^  the  two  forming  a  double  serecD^  if  netnlfnl,  or  they  may  Ije 
made  to  follow  each  other  upward  and  downward,  shading  any  part  or 
parts  which  it  may  be  desirable  to  screen.  When  not  in  use,  they  roll 
np  out  of  the  way,  and  do  nut  intercept  the  light,  as  would  be  the  case 
if  they  were  hung  in  the  middle  of  the  sash. 


PART  IV.-^CHOOL  FURNITURE. 

Among  the  many  reforms  in  school  hygiene,  none  are  more  deserving 
of  mention  than  those  i>ertaining  to  school  furniture.  The  literature  on 
the  subject  is  alrt:^dy  vohuninnus.  No  sooner  w^as  the  increasing  per- 
centage of  myopia  In  the  st^honls  made  manifest  by  the  extensive  statis- 
tics which  were  collated,  than  it  was  sought  to  fasten  the  responsibility 
fiir  the  increase  on  the  faulty  construction  of  the  S(^hool  desk  and  scat. 
Prior  to  the  work  of  Cohn  in  Breslan,  orthopaedic  surgeons  Iiad  platted 
the  responsibihty  for  spinal  curvature  upon  the  faulty  relation  w^hich  was 
Ibund  to  exist  Wtweeu  the  seat  and  the  desk.  To  one  of  our  own  country- 
men, Henry  Barnard,  is  due  the  credit  of  having  been  the  first  to  attract 
attention  tct  the  serious  defects  in  the  seating  of  our  s<4iool-rooms.  As 
early  as  1860  he  [tinted  out  the  great  important^  of  the  seat  Ijcing  placed 
close  np  to  tlie  desk,  in  order  that  the  harmful  postnrt*  of  reaching  for- 
wardj  which  was  made  necessarj'  by  what  afterwards  came  to  be  known 
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as  the  plus  dintanw  of  the  seat,  miglit  l^e  avoiik'd.  It  was  reserved,  how- 
evePj  for  Fahrner,  of  Ztirieh/  and  for  Hermaon  Meyer*  to  point  out  the 
met'haiiical  prtiblems  involveil  in  faulty  and  eorret^t  postures  in  sitting, 
and  thus  to  pave  the  way  for  much-needed  reform  in  the  con.stniction 
of  seat  and  desk.  There  is  much  cause  for  just  eondem nation  of  school 
authorities  in  the  fact  that,  thirty  years  after  the  clear  and  etinvincing 
deinonstrati<»ns  made  by  tliese  authors^  thousands  of  school-children  are 
still  refjuired  to  pass  their  school  lives  at  desks  witli  the  old  faults  un- 
corrected. 

Nu  essential  mklitton  has  been  made  to  the  teaching  of  Barnard,  Fahmer, 
and  Meyer.  The  principles  invulved  in  correti  and  faulty  sitting,  as  taught 
by  them,  are  simple  and  readily  t*om prebend ed.  To  Meyer  is  due  the  eretlit 
of  the  anatomical  demonstration.  The  figure  on  the  next  page  (Fig.  22) 
is  taken  from  Cuhn  after  Meyer,'  from  whom  also  the  following  statement 
of  the  priueiples  to  be  considered  is  condeused. 

FRIKCTPLES   OF   CORRECT   AND    FAULTY   SITTING. 

At  the  lower  pait  of  the  jwlvis  are  the  two  seat-bones,  which  are 
curved  and  rock  easily  backward  and  ibrward.  A  liue  drawn  through 
tliese  may  be  c^lk\l  the  seat-bones  line  (*S,  Fig.  2*2).  It  is  ouly  when  the 
line  of  gravity  of  the  body  fidls  perpendicularly  upon  the  seat -bones  line 
that  the  body  c^n  remain  at  rest  in  a  sitting  posture.  Any  movement  which 
displaces  the  centre  of  gravity  of  the  trunk,  which  is  situated  in  front  of  the 
tenth  cht^t  vertebra  (P,  Fig.  22),  must  carry  the  line  of  gravity  either  in 
front  of  or  behind  tlie  seat-lxjues  line  and  make  it  necessary  to  seek  a  third 
point  of  support  as  a  guard  against  the  instability  of  the  sup|>ort  now 
afforded  by  the  seat-bones  line.  This  third  point  may  l>e  either  in  front  of 
or  Ix^hind  it,  depending  upon  the  direction  of  deviatiou  from  the  position  of 
€>fjuilibrinm.  (Fig.  22.)  In  the  forward  sitting  posture  it  is  obvious  that 
this  third  jmint  of  support  must  be  the  front  edge  of  the  seat  or  some  point 
betwetm  it  and  tlie  seat-bones  line.  The  farther  forward  it  falls  the  more 
unstable  is  the  supjwrt  and  tlie  greater  tlic  exertion  rt^quired  by  the  muscles 
of  the  pelvis  to  maintain  the  unstable  equilibrium.  These  muscles  soon  tire, 
and  the  trnnk,  obeying  the  law  of  gravity,  tails  forward  if  not  nphehl  by 
some  extmneous  support.  This  is  orflinarily  furnislicd  l>y  the  desk  or  taVde 
upon  which  the  elbows  or  chest  are  allowed  to  rest.  In  a  word,  we  simply 
pn>p  ourselves  up  to  prevent  the  trunk  from  fidling  forward  after  the 
must*lcs  of  tlie  pelvis  and  back  are  tired  out.  In  tlie  backwaitl  sitting 
pctsture  tho  fhircj  point  of  supfiort  is  the  coccyx,  and  the  fall  Imckward 
must  be?  prevented  by  v..  bafk  rest  f*»r  the  pelvis,  which  it  is  obvions  from 
the  foregoing  should  be  centrally  placed,  and  low  enough  to  arrest  the 


1  The  Children  and  the  School  Desk,  Zurich,  1866, 

«  Virchow'8  Archiv,  1867. 

>  Hygiene  des  Auge^,  im2,  p.  306. 
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pelvis  as  it  rocks  backward,  not  higher  thau  the  lower  lumbar  vertebra, 
if  the  body  is  to  l>e  f*iipix)rted  iu  the  ujiright  sitting  postun^.  These  con- 
ditions are  well  tUustratCNl  in  Fig.  22,  It  is  ]>!ain  from  these  mechanic^ 
considerations  that  the  so-called  plus  horizontal  distance  of  the  school 
desk  and  seat — Li\,  where  the  front  edge  of  tlie  seat  is  so  placed  that  a 
line  dropiied  frum  the  edge  of  the  desk  wonkl  fall  some  distance  in  front 
of  the  front  edge  of  the  seat — is  a  faulty  and  harmfiil  arrangement  of  the 
sehiiol  furniture. 

la  order  to  work  at  a  desk  so  placed,  the  pupil  is  compelled  to  reach 
forward.  To  do  this  he  perches  himself  on  the  fejnt  of  the  seat,  while  the 
feet  are  tarried  backwaixl  under  it.  The  trunk  falls  forward  and  finds 
support  upon  the  elbows,  one  or  both  of  which  iTst  upon  the  desk.  If  but 
one — the  left — is  used  for  supj>ort  while  the  right  hand  is  employed,  as  in 

Fig.  22. 
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I  ting  (Cohn). 


writing,  the  vertebral  column  is  partially  turned  on  its  long  axis  and  the 
entire  trunk  lu-kl  in  a  distortt^l  j>osition  which  we  may  well  l^elieve  is  con- 
ducive to  the  production  of  spina!  curvature  in  growling  children.  In  this 
forwaixl  pose  of  the  trunk  tlie  head  is  no  louger  supjxjrttHi  by  the  spine, 
and  must,  therefore,  be  upheld  by  the  muscles  of  the  net»k,  which  should 
be  required  only  to  balance  the  head.  They  soon  tire,  and  the  work  then 
falls  upon  the  muscles  of  the  back,  which  lu  turn  give  up  the  task,  and  the 
head  falls  forward  towards  tlie  work,  while  the  trunk  sags  forward  and 
do\vnward  between  the  shoulders,  which  are  upheld  by  the  arras,  the 
elbows  being  supported  by  the  desk.     This  faulty  position  is  well  illus- 
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trated  in  Fig.  23.*     If  the  body  is  supported  in  this  manner  by  the  1  ft 
arm  alone,  the  head  falls  forward  and  is  rotated  to  the  right.      The  face  " 
brought  too  near  the  page,  and  the  left  eye  nearer  than  the  right.      Th 
normal  relation  between  the  plane  of  the  face  and  the  work  is  thus  dis- 
turbed, which,  together  with  the  abnormal  near-point,  adds  greatly  to  th 
strain  upon  the  accommodation  and  convergence.     The  practical  value  of 
this  teaching  can  be  readily  demonstrated  at  pleasure  by  placing  the  chair 
in  the  respective  positions  already  indicated.     The  abnormal  position  which 
must  be  assumed  when  the  chair  is  placed  at  the  plus  horizontal  distance 
will  soon  cause  fatigue  of  the  muscles  of  the  back  and  pelvis,  which  speed- 
ily disapp<?ars  when  the  seat  is  placed  close  up  to  the  table,  so  that  the 
upright  sitting  posture  can  be  maintained. 

FiQ.  28. 


Faulty  position  assumed  in  writing  with  the  desk  and  seat  too  low  and  with  plus  horliontal 

distances. 

THE  SCHOOL   DESK  AND   SEAT. 

In  these  physiological  and  mechanical  considerations  are  found  the 
c  ata  wiucli  should  guide  us  in  the  construction  or  selection  and  arrange- 
ment of  tlie  seliool  desk  and  seat.  Two  points  are  of  esi)ecial  importance  : 
first,  the  liorizontal  distance  between  desk  and  seat,  as  already  pointed  out ; 
and,  second,  a  proper  vertical  relation.  If  the  seat  is  too  high  for  the 
.  . '  ?^  pupil  must  stoop  over  while  at  work,  and  thus  render  upright 
g  impossible,  the  faulty  posture  Ix^ing  in  most  respects  similar  to  that 
assum  when  a  too  great  horizontal  distance  is  allowed  between  desk  and 
seat.  On  the  other  hand,  if  the  desk  is  too  high,  the  arms  cannot  rest 
uponitwithoutfoig^^  fi^^  shoulders  upward.     The  faulty  position  rendered 
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■Seoeesary  by  this  arraugeinent  of  the  desk  is  well  illustnitcLl  in  Fig*  24, 
where  the  accompanying  distortion  of  the  epine  is  shown,  as  well  as  the 
too  near  approach  of  the  eyes  to  the  work. 

The  essential  p^jinte  to  he  observed  in  tlio  proper  seating  of  a  scliool- 
roorn  miiy  be  briefly  atatal  as  follows.  The  arraiigenieut  of  seiit  and  desk 
must  be  such  that  the  child  will  find  it  easier  to  sit  upright  at  his  work 
than  in  any  other  positiuu  be  ran  assume  in  the  seat.  To  secnre  this  the 
seat  must  be  of  such  a  height  as  to  permit  the  soles  of  the  feet  to  rest  uptm 
the  floor-  The  measured  distance  w^ill  be  the  same  as  that  from  the  sole  to 
the  inner  l>eiid  of  the  knee,  (Figs,  30  and  31.)  The  seat  must  be  as  wide 
as  the  thigh  is  long,  measured  from  the  inner  Iiend  of  the  knee  to  the  back, 
and  should  be  slightly  concave  to  prevent  sliding  forward,  but  it  should 


Km 
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Inl 

Dlttortlon  of  the  truDk  wlille  woriti  ng  nt  a  too  high  desk.    (Loe.  cit.) 

not  be  inclined  either  baekwanl  or  furwanl, — i,e,j  it  should  be  level.  The 
front  edge  uf  the  seat  should  Ix^  placed  from  one  inch  to  two  and  a  half 
inches  under  the  inner  edge  of  the  deak,  Thia  is  known  as  the  minus  dis- 
tance.    (^1,  Fig.  28.) 

The  top  of  tlie  desk  should  be  inclined  towanls  the  pupil» — i.e.,  down- 
ward and  backwaixl  ten  degrees, — and  must  \ye  low  enough  to  permit  the 
forearm  of  the  pupil  to  rest  lightly  upon  it  without  raising  the  shoulder 
while  iu  the  act  of  writing,  but  sufficiently  high  to  avoid  the  neci\ssity  for 
stooping  in  oi\ler  to  i-each  it.  The  lower  part  of  the  back  and  the  peKn's 
should  be  supported  by  a  rest  easily  felt  wliile  sitting  upright.  (Fig,  25,)  In 
order,  however^  to  meet  these  requiR^ments  it  is  necessary  to  sa^ure  some 
definite  relation  Ix'tween  the  size  of  the  pupil  and  the  size  of  the  desk 
and  seat.  With  tliis  end  in  view,  measurements  of  tlie  difTereut  parts  of 
Vol   JT.*26 
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the  body  have  been  made  in  large  numbers  of  children,  ranging  in  age  from 
six  to  fourteen  years.  Ujiou  the^e  measurements  the  school  forms  have 
been  eonstriicted  in  from  three  to  six  diSerent  sizes,  to  meet  the  nec3essities 
of  difiereut  grades.  It  is  obvious,  however,  that  any  desk  rigidly  con- 
stroeted  on  the  average  measurements  will  work  injustice  to  the  extremes 
of  size  in  the  various  grades.  That  this  is  true  is  incidentally  shown  in 
Fig.  17,  where  it  is  plain  that  the  cliildren  In  the  class,  although  varying 
greatly  in  size,  are  neverthelass  thrust  into  forms  of  the  same  dimensions, 
with  the  result  of  making  some  of  them  quite  comfortable,  while  others  are 
in  uncomfortable  pt3stm'es  similar  to  that  shown  in  Fig.  24.  Geissler  and 
Uhlitzsch  measured  in  the  Freiberg  district  the  height  and  relative  length 

FiQ,  26. 


Proper  poBltlcm  In  uprl|?ht  sitting,  the  pelvis  supported  by  the  forward  curve  in  the  back 
of  Uie  seat,    (Loc.  dL) 

of  different  parts  of  the  body  of  twenty -one  thousand  one  hundred  and 
scventy'three  children  between  the  ages  of  six  and  fourteen  years,  for  the 
purpotjc  of  findintj  tlie  proper  dimensions  of  school  de^^ks  and  seats.  At  the 
latter  a^c  the  tallest  boy  measured  one  hundred  and  seventy-six  centimetres, 
while  the  shortest  measured  but  ninety-seven  centimetres.  Then,  toOj  it 
is  well  known  that  in  individuals  of  approximately  the  same  height  there 
will  \m  considerable  variation  in  the  resptrtive  measurements  of  different 
parts  of  the  Ixnly.  It  follows,  therefore,  tliat  it  is  not  sufficient  to  have 
the  desks  made  of  several  different  sizes  to  meet  the  requirements  of  the 
si'vcni)  gradt^,  but  that  tliey  should  l)e  so  (xuistructctl  as  to  l>e  easily 
adjusted  to  meet  the  requirements  of  different  individuals  wittjin  the  grade. 
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Mr*  Priestley  Smith  has  suggested  four  ditferent  sizes  as  sufficient,  and 
divides  the  pupils  according  to  height  iiiio  four  classes,  advancing  in  each 
case  by  six  inches,  thus:  three  feet  six  inches  to  four  feet,  four  feet  to 
four  feet  six  inches,  four  feet  six  inches  to  five  feet,  five  feet  to  five  feet 
six  inches*  The  dimensions  of  the  desk  and  seat  are  calculated  to  meet  the 
nectls  for  these  four  heights,  and  are  set  forth  in  the  following  table ; ' 

TABLE  V, 

HTOIBNIC    DK8K    (SMITH). 


Ho,  1. 

Vs.  1. 

V«.  1. 

ir«.4. 

Height  of  scholars  -    *    *  { 

8  ft.  6  in. -4  ft. 
107-122  cm. 

4ft.-4ft.6in. 
122-137  cm. 

4  ft.  6  tn.-5  ft, 
137-162  cm. 

6  ft.-6  ft.  6  in. 

152-168  cm. 

a.  Height   of  seat   from    f 
Uie  floor.                   \ 

13  lEcbea. 
S3  cm. 

14|  inches. 
87  cm. 

16  inches. 
41  cm. 

18  inches. 
46  cm. 

b.  Breiidth  of  seat  •    *    ■  { 

10  inches. 
26.5  cm. 

11  inches. 
28  cm. 

12  inches. 
80.5  em- 

13  inches. 
83  cm. 

r.  Height    from    seat    to  ' 
i^gi^  of  dt^sk. 
Height    fn>fii    seat   to  "^ 
top  of  hack. 

8  inehofl. 
20  cm. 

S|  inches. 
22  cm. 

nj  inches. 
24  cm. 

10}  inches. 
26,5  cm. 

(/.  Overhung  of  desk 

(i.e.  mi mia  distance). 

1  inch. 
2.6  cm. 

1  inoh. 
2.5  cm. 

1}  inches. 
4  cm. 

1}  inches. 
4  cm. 

e.  Play  of  desk    .    .    .    .    [ 

4 A  inches. 
11.6  cm. 

H  inches. 
11.5  cm. 

6  inches. 
15  cm. 

6  inches. 
16  cm. 

/.  Breadth  of  desk           / 
(front  to  hack).  L 

1&  inches. 
86  cm. 

15  inches. 
88  cm. 

17  inches. 
48  cm. 

17  inches. 
48  cm. 

Fig.  26  sets  forth  with  sufficient  clearness  tlie  general  plan  of  construc- 
tion. One  feature  is  unteworth>% — viz.,  the  sHdtng  toi>,  wliieh  penniti*  the 
pupil  to  stand  in  his  plar^  and  thus  overcome  the  inconvenience  in  this 
resjxMrt  introdiice<l  l>y  the  niious  horizontal  distance.  This  ntlierwise  ad- 
minihle  desk  is  not  so  constructed  as  to  ]KTUiit  <)f  indeiKmdent  luljnstment 
to  meet  the  inequalities  of  size  in  the  same  gmde.  Tliis  can  Ik?  aderjuately 
done  only  by  desks  and  sc^ts  which  permit  of  n_^idy  and  separatr  adjust- 
ment. The  b?st  forms  of  adjustable  s<'hi>ul  furniture  that  have  <x>iuc  under 
my  notice  are  the  ** Single  Standani  De*sk  and  Seat"  of  the  "New  York 
Hygienic  School  Furaitiirc  Cr>mpany/*  and  those*  of  the  '' Chandler  Ad- 
justable Chair  and  Desk  Company,"  of  Boston.  Both  of  these  permit  of 
a  rapid,  easy,  and  sej»anite  adjustment  of  the  height  of  seat  and  desk,  and 
are  manufactured  in  three  sizes  designed  to  meet  the  general  reqiiirementj^ 
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of  the  Primary,  Intcrmetliate,  and  (li-aiumar  Schools,  The  details  of  their 
oonstruetiou  are  suffieieutly  illustrat^xl  for  the?  purpose  of  this  [niper  by 
Figs.  27  to  31,— Figs.  21  and  28  for  the  former,  Figs.  29,  30,  aod  31 
for  the  latter.  The  last  two  fi;t;:iu\^  illiLstrate  also  the  method  of  racasnring 
the  length  of  the  leg  and  tlie  adjustment  of  the  chair.  Tiie  adjustiiieot, 
once  made,  cannot  be  altei-ed  by  the  pupil,  since  it  is  aocomplished  only  by 
the  aid  of  a  key,  which  should  l>e  in  the  hands  of  some  antliorixed  persi^n. 
In  both  forms  the  desk  and  chair  are  screwed  firmly  to  the  floor,  and  are 
pei'fectly  rigidj  while  the  iron  supports  furnish  but  little  obbtruetion  to 

FiQ.  26. 
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liygieuic  school  dcik.    (Smith.] 


sweeping  the  floor,  and  do  not  afford  much  ojip<ii*t unity  for  the  accumula- 
tion of  dust.  The  ChaiKller  desk  possesses  the  adtled  advantage  of  a  free* 
space  for  the  feet  of  tlie  pupil,  while  the  siugle  .standaiil  desk  presenti^ 
some  obstruction,  as  sho^vn  in  Fig,  25.  In  both  forms  the  desk  is  also 
a  receptaeh^  for  the  Ixinks,  jteneils,  paper,  etc.,  of  tlie  pupil,  and  is  provideil 
witli  a  covered  ink-well.  Attention  is  called  es])et*ially  to  tlie  central 
upright  support  in  the  back  of  the  chair  in  Fig,  29,  which  is  curved 
forwaixl  at  the  projier  height  to  furoiwh  the  n^uisite  support  to  the  sjiorum 
and  the  lower  lumlmr  vertebne^  and  thus  counteracts  the  tendency  for  the 
j>elvi8  to  rock  backwaixl.     The  following  table  (Table  VI.,  page  40G)   of 


406 


SCHOOL  HYGIENE. 


TABLE 

VI 

• 

Eotlt  numb^n .  , .  , 

43 

It 

42 
14 

44 

0, 

m 

T 
4S 

n 

w 
fill 

TIL 
511 

sat 

TUL  ^ 

I. 

m 
m 

fill 

in. 

I 

11 IL   IJf 

«T, 

Helfflitof  acboluB  In  iDchei^ 

iTo.  , 

«8*    «5| 

«&li^i 

E«lKht  of  desk,  line  AB  (Flf .  2fl) 

30 
U 

111 

m 
n 
n 

m 

9|' 

9S   1^ 

18  ;i8t 

Ml 
U 
10) 

HI 

111 

36 
Hi 

HI 

m 

121 

Wi    29 

irj 

301 

Hefgfat  of  chftlr,  line  CD  (Fif.  asj 

IB 

'^{Flg.Ss,"'"'*^"^'""*^^} 

m 

101 
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"1 
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••  It  18  recommended  that  the  desk  for  a  girl  should  be  about  |  of  an  inch  higher  than 
that  for  a  boy  of  the  same  height.  The  width  of  the  seating  space  should  be  about  f  of 
an  inch  grtiater  for  a  girl  than  that  for  a  boy. 

*'  DireciUmH  for  using  the  Table. — Measure  the  height  of  the  scholar;  then  find  in  the 
table  the  number  that  most  nearly  corresponds  to  it,  and  directly  under  it  in  the  same 
c(.>luinn  will  be  found  the  figures  required  for  the  different  adjustments. 

**  Example. — A  boy  is  found  to  be  62  inches  in  height.  In  column  VII,  5If-58}  are 
the  neun'st  to  it;  looking  down  this  column,  wc  find  24}  inches  for  the  height  of  the  desk, 
line  AB  (Fig.  28)  ;  14  inches  for  the  height  of  the  chair,  line  CD;  and  lOJ  inches  for  the 
space  betwwn  the  desk  and  the  back  of  the  chair,  line  AE." 


These  desks  have  not  the  adjustable  top  which  permits  the  pupil  to 
stand  l)etween  the  dc^sk  and  the  seat,  but  this  is  not  considered  desirable 
by  the  educators  with  whom  I  have  had  op|>ortunity  to  converse.  They 
have  invariably  preferred  the  h^ingle  instead  of  the  double  desk,  and  require 
the  pupils  to  step  (juickly  into  the  ait?le  when  called  upon  to  stand,  holding 
that  the  position  then  assutncnl  is  Ix'tter  than  when  the  desk  is  in  front 
of  the  pupil,  since  in  the  latt(T  case  there  is  constant  temptation  to  lean 
against  it  for  suppoil.  This  preference  removes  the  necessity  for  any 
form  of  adjustabhj  top  or  lifting  seat.  When  such  are  in  use,  they  not 
only  cause  confusion  and  noise,  but  re(juire  time  for  adjustment,  and  the 
additional  mechmiism  adds  cost  to  the  forms  and  is  always  liable  to  get 
out  of  order. 

It  is  doubtless  true  that  sick,  tiri^l,  or  listless  children  will  be  able  to 
assume;  more  or  less  faulty  positions  in  the  most  approved  school  form,  so 
that  teachers  will  l)e  nnpiired  to  admonish  them  ;  but  systematic  instniction 
of  ti'achers  in  the  physiological  and  mechanical  laws  underlying  upright 
sitting,  which  they  can  in  turn  impart  to  the  children,  will  do  much  to 
correct  this  tendency.  Careful  instruction  will  accomplish  far  more  than 
admonition  or  reproof,  and  will  furthermore  have  a  far-reaching  influence 
over  the  community.  A  cursory  study  of  the  ])ositions  assumed  by  the 
average  citizen  at  home  or  abroad  will  show  the  great  ncnxl  for  education  in 
this  dirwlion.  Chairs  are  for  the  most  part  so  constructed  that  they  fur- 
nish no  supjwrt  for  the  pelvis  or  the  lumbar  vertebne,  and  this  faulty  con- 
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Btruetion  accounts  in  large  measure  for  the  imcoeth  positions  which  are 
ordinarily  aiitiiimedj  sinci'  without  such  supjjort  the  pelvis  roeks  backward 
unless  sustained  in  the  erf?ct  posture  by  muscular  strain^  which  soon  becomes 
fatij^uing.  It  follows  from  the  preceding  remarks  that  no  class  sliould  be 
eou9idei*ed  fully  organized  for  the  work  of  the  term  until  each  pupil  has 
been  measured  and  the  seat  and  desk  have  been  adjusted  to  meet  the  require- 
ments of  the  individual*  While  this  will  occasion  additional  trouble  at  the 
Ijeginniug,  I  am  convinced  that  in  the  end  it  will  avoid  much  annoyance 
and  trouble,  since  a  propei'ly  seated  class  will  not  suffer  from  the  restlessness 

Fig.  31. 


Adju&tment  of  sent. 

occasioned  by  compressal  viscera  and  iinf>cded  circulation  and  respiration^ 
and  will,  tlierefon^,  perform  their  allotted  tasks  with  less  fatigue  and  be 
more  onlerly.  I  won  Id  call  attention  again  to  the  strong  contrast  affordeil 
by  the  two  classes  shown  at  tlieir  work  in  Figs.  17  and  18. 

BLACK  BOARDS,  MAI*S,  BOOKS,  ETC. 

Other  articles  of  school  furniture  which  claim  attention  are  the  black- 
boards, wall  maps  and  charts,  slates,  books,  and  writing*materials. 

The  black boaixi  is  an  important  article  of  furniture  in  every  school- 
room, not  only  as  a  convenient  and  valuable  means  of  imparting  instruc- 
tion, but  also  from  the  |xjint  of  view  of  the  hygiene  of  vision.  It  should 
always  l>e  borne  in  mind  that  the  strain  upon  the  eyes  is  much  greater  at 
the  near-point,  as  in  rtmling  and  writing,  than  wlien  looking  at  relatively 
distant  objects,  as  at  the  bhickboard  across  the  school-room.     Hence  the 
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instruction  imfiarted  by  lx)ard  exercises  is  much  less  &tiguing  than  work 
done  with  slate  and  jxincil  or  j)en  and  paper.  The  use  of  the  large  eiByon 
by  the  pupil  himself  is  also  less  tiresome  than  work  at  the  desk.  The 
surface*  should,  however,  be  kept  black  by  frequent  washing,  as  the  ad- 
hcn>nt  ]xirticles  of  chalk  which  remain  upon  it  after  dry  cleansiDg  soon 
cjuist»  it  to  apjHjar  gray,  and  thus  the  strong  contrast  between  the  crayon- 
niarks  and  the  black  surface  is  lost.  The  old  painted  board  should  be 
banished  from  the  school-room  and  only  the  large  plates  of  slate  or  the 
black  plaster  surfaces  employed.  The  crayon  should  be  white  or  yellow 
for  all  ordinary  purjH)st»s,  as  these  colors  afford  the  strongest  contrast 
with  the  surface.  The  figures  and  letters  should  be  made  with  a  broad 
stroke  and  sufficiently  large  to  be  readily  seen  at  tlie  full  ^Wdth  of  the 
room. 

The  blackboard  has  been  condemned  because  of  the  gray  surface  it  so 
readily  gains  inider  use,  and  })a}K?r  uix)n  which  a  black  crayon  may  be  used 
recommendcKl  as  a  substitute.  The  soiling  of  the  hands  by  the  black  crayon 
is,  I  think,  sufficient  to  condemn  its  use  for  school-room  purposes,  except 
when  used  by  the  tinicher,  esjxicially  when  the  objection  urged  against  the 
blackboaixl  ran  lx»  n^moved  by  daily  washing  its  surface. 

The  advantage,  however,  of  a  white  letter  on  a  black  surface  or  a  black 
letter  on  a  white  surfaixi  cunnot  be  denied.     Professor  Homer  found  that 
ink-nuule  lett^^rs  on  white  pajwr  sufficiently  large  to  be  seen  distinctly  at  ttpo 
huiiihrd  and  vivvvn  centimetres  on  a  cK^ar  day  could  be  distinguished  only 
at  one  hundred  and  eUfhty-three  centimetres  when  made  with  a  lead-pencil, 
and  (nily  at  one  hundred  and  fifly-nine  when  made  with  a  slate-pencil  on  a 
slat(»-c<)l(>re<l  surface.    The  ratio  of  slate-iKMicil  to  lead-jxuicil  was  "seven  to 
eight/'  that  of  lead-iMiicil  to  ir'U  and  ink  also  **  seven  to  eight,'^  while  that  of 
slate-pencil  to  pen  and  ink  was  "  threi^  to  f(»ur."    That  is  to  say,  an  eye  that 
can  read  ink-made  lettei>;  (»f  a  given  size  at  twelve  inches  (.33  metre)  would 
1k'  coinjK'lkHl  to  bring  them  to  nine  inches  (.23  metre)  in  oixler  to  see  them 
\i  made  (»n  a  gniy-black  slate  with  a  slate-pencil,  thus  «uising  greatly  in- 
creascil  strain  upon  the  ac<x)mmodation  and  convergence.     On  this  ground 
HonuT  advocat(Hl  the  banishment  of  the  blackboaixl,  slate,  and  lead-jx?ncil 
from  the  sch(M)ls.     I  am  also  willing-  to  banish  the  slate  and  lead-^iencil,  but 
not  the  blackboard,  since  it  has  so  many  comixnisating  features.    The  more 
modern  habit  of  re<piiring  so  much  of  the  work  to  be  done  with  ])encil  and 
l)ai)er  is  probably  to  be  condcnm(»d  for  other  reasons,  esp(x^ially  the  pro- 
tracted strain  at  a  near-j)oint,  but  if  so  much  work  at  the  near-iK>int  is  to  l>e 
continue<l  it  should  Ik*  done  with  black  Ink  and  a  jk'H  with  a  point  which 
will  make  a  broad  stroke.     This  is  (\<pcvially  important  for  children  with 
Ixid  or  deft^'tive  eyes.    The  ordinary  gray  dcsk-slat(»  may  be  advantageously 
replaced  by  the  white,  sociillcn.!  i>orcclain  slate,  upon  which  a  black  jwncil 
or  crayon  can   1h»  used.     This  diMs  away  in  a  givat  measure  with  the 
objecticm  to  the  faint  contrasts  afforded  by  the  gray  surface  of  the  ordinary- 
slate,  but  is  o\Hi\i  to  the  objection  of  uncleanliness,  since  the  hands  of  the 
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pupil  are  soilof]  in  the  process  of  clemiing  the  slate,  and  with  his  blackened 
hands  lie  ijoils  his  lace,  clothiDg,  and  books. 

The  wall  maps  and  charts  are  also  imixjrtant  articles  of  school  furniture, 
since  they  permit  lustruclion  to  Ije  given  at  a  relatively  remote  distance. 
The  figures  and  letters  upon  them,  however,  should  lie  at  least  as  large  as 
No.  XII.  (XL.)  of  the  eliart  of  test-letters  designed  to  be  sec^n  by  the  normal 
eye  at  twelve  inetres  (forty  ieet).  As  iar  as  praetieahle,  tlie  groundwork  of 
maps  should  be  white  or  light  tints  of  yellow,  as  characters  printtxl  upon 
darker  shades,  sucJi  as  red  or  blue,  are  not  so  readily  distinguished.  The 
teaeliing  of  geography  from  these  large  maps  is  a  gi^eat  saving  of  fatigue 
Uv  the  eyes  of  tlie  pupils.  Work  done  at  the  ortlinary  hand  atlas,  with  its 
varie<l  colorings  adopted  by  authors  to  ditferentiate  the  political  divisions 
of  the  earth's  suriace,  and  the  names  of  towns,  rivers,  etc.,  printed  in  small 
blaek  ty|>c  upon  these  dark  colors,  tries  to  the  utmost  the  acuity  of  vision, 
and  is  prolmbly  the  most  injurious  of  the  school  rerpiirements.  I  have 
very  frequently  asked  pupils  with  weak  eyes  as  to  which  of  their  lessons 
they  fuimd  most  tiresome,  and  have  with  great  uniformity  been  told  tfmt 
their  geography  was  the  most  trying,  l>e<'ause  of  the  [lain  tx'casiontH^l  by 
hunting  for  names  on  the  atlas.  Properly  printed  wall  maps  are  therefore 
important  additions  to  the  sehool-room  furniture. 

The  Type  in  Text- Books, — In  eouslderi ug  school-room  supplies  thei^e  is 
DO  more  important  item  than  the  securing  of  pro[)erly  printed  [>ooks.  In 
selecting  a  book  from  the  stand-jKunt  of  hygiene  two  points  should  be  con- 
sidered :  first,  the  kind  of  paper  employed,  and,  setxjnd^  ttie  size,  shape,  and 
arrangement  of  the  type.  It  is  false  etHjnumy  to  place  in  the  hands  of 
our  children  chea[)ly  made  books.  Text-books  for  our  schools  should  be 
accepted  only  after  approval  by  an  expnt  who  is  familiar  with  the  many 
ingenious  devices  by  which  cheap  publication  is  aeeomplisheil. 

First  of  all,  the  paper  should  lie  of  gottd  quality,  for  the  l>est  arrange- 
ment of  projier  type  cannot  produce  a  satisfactory  page  on  [mor  |>aper. 
Two  points  are  important:  it  should  l)e  opaf[ue,  so  that  the  shadow  or 
shajie  of  the  type  will  imt  be  seen  through  the  pajier,  and  it  should  not  ije 
bibulous,  as  in  that  case  the  ink  stain  is  visible  through  the  paper  and 
mars  more  or  less  tlie  imprt^ssion  of  tlie  ty|je  on  the  back  of  the  sheet. 
Bluish-wdiite  or  gray  paper  should  also  be  avoidetl,  althfiugb  the  quality 
may  l>e  good.  Glazetl  jjajiers  are  ntjt  admissible,  since  not  only  do  they 
refltvt  the  light  iujuriously,  Init  the  black  ink  and  the  white  surface  of  the 
pir[>er  setim  to  eucroach  upon  each  other,  producing  a  certain  ditfusion  or 
pen umljm- like  effect  which  disturbs  the  distinctness  of  the  letters.  My 
own  ju<lgment  favors  first  of  all  a  thoroughly  oi)aque  ])aper,  with  either  a 
dead  white  or  a  cream  surface^  preferably  the  latter,  Tlie  thickness  of  the 
paj>er  is  of  less  importance  than  the  quality  of  its  fibre,  which  should 
be  such  as  to  prevent  the  absorption  of  the  ink.  A  suj>ercalendere<:l  pai>er, 
forty-five  pounds  to  the  ream,  is  a  suitable  one  for  most  school-books. 
But  even  on  paper  of  satisfactory  quality  the  printing  should  be  done  in 
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the  best  manner^  in  order  to  avoid  the  emboming  of  the  page,  which  inter- 
feres with  tilt!  distiiictDe^s  oi'  the  print  on  the  reverse  or  embossed  side  of 
the  sheet.  EinJjossing  is  prevented  by  printing  upon  a  hard,  unyielding 
back* 

The  size,  form,  and  arrangement  of  the  type  are  of  gi'eat  importanee  in 
securing  the  most  readily  legible  print.  My  observation  has  shown  that  but 
little  fault  can  be  found  with  the  Aineriian  schtxil-tjook  in  this  respect.  This 
is  certainly  true  of  the  text-books  eniployeil  in  the  primary  and  intermediate 
sehoijls,  with  the  exception  of  the  school  atlas,  some  of  the  arithmetics, 
and  all  the  dictionaries.  In  the  more  advanced  grades  some  of  the  text- 
books of  history  are  not  to  be  conuncndcd,  either  as  to  the  quality  of  paper 
employed  or  as  to  the  size  and  arrangement  of  the  type. 

In  selecting  pmperly  printetl  Ixioks  the  following  points  are  to  be 
obaervetl :  {a)  the  size  or  height  and  bmadth  of  tlie  lettei*s  and  the  thick- 
ness of  the  strokt»s ;  (6)  their  arningement, — e.g.,  the  distanx^e  lietween  the 
letters  and  w^ords,  known  to  printers  as  the  gpacimf ;  (c)  tlie  distance 
between  the  lines,  or  the  kadinfj ;  and,  finally  (d),  the  length  of  the  lines. 

Size  itnd  Form  of  the  Letters, —  lu  oiilur  to  Ix^  distinguishtnl,  lettei-s  must 
subtend  an  angle  of  at  least  five  minutes,  and  the  lines  of  which  they  are 
composed  an  angle  of  one  minute.  This  is  tlie  limit  of  normal  acuity  of 
vision,  but  it  is  obvious  that  the  eye  should  not  lie  i'ct|uired  to  work  for 
any  length  of  time  at  a  task  which  i-ef[uire8  its  utmost  endeavor.  Any 
effort  to  read  pearl  or  diamond  type  for  a  short  time  must  convince  the 
most  s<H?ptii'al  <m  tliis  point,  wlien  they  ccmipare  the  ensuing  fatigue  with 
the  ease  which  follows  turning  to  a  long  primer  type. 

Both  Cohn  and  Weber  dwnde  in  favor  of  a  type  at  least  one  anil  a  half 
millimetres  in  height  as  tlie  smallest  which  shoidd  Ijc  us*\l  in  school-lHxiks. 
This  is  etpial  to  our  tat-pohd  type  (long  primer),  (Fig,  *l\h)  Larger  letters 
were  found  to  retaiti  the  rapidity  of  reading,  and  w^ould  thus  lengthen  the 
time  i^^iuircnl  to  t*omplete  a  given  amuiiut  of  work.  The  face  of  the  type 
is  of  signal  impiirtance  in  determining  its  compamtive  legibility,  and  this 
is  in  large  measure  dependent  upon  the  thickness^  or,  as  printers  say,  the 
**  boldneSvS,- *  of  the  strokes  or  **  faci^-"  of  the  type.  The  so-ci\Ikxl  spacing  of 
the  Hue  deiH^uds  ^\m  npon  tlie  siune  factor,  as  in  order  to  secure  the  bold 
stroke  a  certain  relation  must  obtain  between  it  and  the  open  space  in  the 
letter.  This  makes  the  entire  fiice  of  the  letter  wider,  as  well  as  the  inter- 
val between  the  letters,  ami  thus  increases  the  sjiace  required  for  a  given 
ninnlx'r  of  letters  or  wortls.  Sucli  print  gives  a  much  lighter  apparing 
page,  which  is  more  easily  legible,  but  adds  materially  to  the  cost  of  publi- 
cation. The  tyjx^- founder  st^ems  to  have  no  mathematical  rule  by  which 
the  breadth  of  letU'i^  is  fixed  in  relation  to  their  height.  Tiie  man  who 
draws  the  design  fixes  the  length  of  the  t\^  in  points,  each  poini  being 
the  seventy-s<x"und  of  an  inch,  Ijut  the  otiier  features  are  left  to  his  artistic 
sense  of  proportion*  With  refeiTnce  to  the  thickness  of  the  lines,  Cohn 
insists  that  "  no  print  of  which  the  down  strokes  are  thinner  than  one- 
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fourth  of  a  niillimetn?  should  lie  tolerat^^l  in  stiiool-bcvoks."  Any  com- 
parison of  a  narrow  lyjie  with  a  broa<l  or  **  bold-faotxl"  t}'pe  must  conviDce 
one  of  the  greater  legibility  of  the  latter,  and  that  it  must,  therefore,  be  far 
less  fati*riiing.     (Figs.  36  and  37,) 

Lfadiwj. — The  distance  betweti'U  the  lines  of  a  printed  page  is  of  much 
imiRirtauce  in  determining  the  comparative  legibility  of  the  page.  Lines 
crowded  together  as  closely  as  the  letters  which  project  above  and  below 
the  Hnc  will  jiermit  always  make  a  dark-apiwaring  page  and  one  which  is 
relatively  difficult  to  read.  In  ten-point  type  the  dist^ince  should  be  at  k^ast 
two  and  a  half  millimetiTS,  and  in  eight- point  tyi>e  two  millimetres.  The 
advantage  of  sufficient  leading  is  illostratetl  in  Figs.  33,  35,  and  39,  when 
contrasted  witli  Figs.  32,  34,  and  38.  It  is  there  made  evident  that  the 
height  of  a  letter  is  relatively  of  lees  importance  than  a  sufficient  distance 
Ixjtween  the  lines.  The  importance  of  adwinate  spacing  of  the  lettefs  and 
words,  even  in  the  presence  of  proper  leading,  is  shown  in  Figs.  36  arid  37. 
Figs.  35  and  37  illustrate  the  advantage  of  a  IxjkU faced  type  as  ei:)m- 
paretl  to  a  thin  condensed  type,  as  shown  in  Fig.  36,  where  the  vertiiiil 
dimensions  of  the  ty|}e  and  the  leading  are  the  same  as  in  Fig,  37,  hut 
by  the  la  tern  1  condensation  of  the  face  of  the  type  almost  as  much  space 
is  saved  to  the  publisher  as  in  the  absence  of  leadings  shown  in  Figs.  34 
and  38.  An  isolated  letter  is  much  more  readily  made  out  than  one 
closely  cmwded  by  otlier  letters.  It  will  l>e  observed,  fi>r  example,  that 
the  eight-jK}int  type  (Fig.  36),  well  spaced,  with  a  bold  face  and  suitably 
Icadeil,  IS  made  out  even  more  readily  than  the  crowded  ten-point  type 
(Fig,  38)  with  insufficient  space  between  the  lines. 


FiQ.  32. 

Hi  Points  No.  17  (Bliimond) 


Flo.  38. 
4%  Point,  No.  17  (Bi&mond)  leaded. 


vt  tU  ckariatd.  tlu  t««  ■malBf  to  Mm4  In  IM  f«l«tkn  at  wm  m« 

feHOUlr  of  rwfhtcUM  TIM  kbtittk 
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FlO.  84, 

8  Point*  No.  11  (BrcTler). 

The  rnoilel  or  fouuetroptt.' eye  is  com- 
paratively rart%  liut  the  eyea  which 
most  nearly  appruauh  this  Ideal  state 
of  refraction^  either  thin^  being  e<iual, 
enjoy  the  highest  acuity  of  vision,  are 
freest  from  pain  and  Jisicaee,  and,  in 
the  school  exaniinationi*»  have  lieeu 
found  to  remain  in  a  nearly  uniform 
jiercentaj^e  throujrli  all  the  elasne^,  from 
the  lowest  to  the  bighei^L  In  {he  i^anie 
clashes  the  hypermetropic  eyes  were 
found  to  dimiiiinh  steadily  in  percent* 
agei  while  the  eyes  with  myopic  refrac- 
tion increased  in  approximately  the 
same  ratio.  Careful  atudy  of  in<ii vidual 
C4ii*es  in  which  this  increase  of  refrac- 
tion waH  tailing  place  revealed  tire  fact 
that  the  change  was  associated  with 
certain  patholo^itMd  conditiona  of  the 
chorioidj  the  two  seeming  to  stand  in 
the  relation  of  cause  and  eifcct.  Where 
astigniatism  was  aliso  present  the  di- 
minished sharpness  of  6ight|  pain,  and 
the  diseased  states  were  more  marked 
than  when  this  anomalj*  of  refraction 
w&a  absent* 


FiQ.  S6. 

8  Pointy  M.  O.  S.  (Brevier),  leaded. 

The  model  or  emmetropic  eye  is  compara- 
tiTcly  rare,  but  the  eyes  which  most  nearly 
approach  this  ideal  state  of  refraction,  other 
things  being  equal,  enjoy  the  highest  acuity 
of  vision,  are  freest  from  |>ain  and  disease, 
and,  in  the  school  examinations,  have  l>eeti 
found  to  remain  in  a  nearly  uniform  percent- 
age through  all  the  classes,  from  the  lowest  to 
the  highest.  In  the  same  classes  the  hyper- 
metropic eyes  were  found  to  diminish  steadily 
in  percentage,  while  the  eyes  with  myopic  re- 
fraction increased  in  approximately  the  same 
ratio.  Careful  study  of  individual  cases  in 
which  this  increase  of  refraction  was  taking 
place  revealed  the  fact  that  the  change  was 
associated  with  certain  pathological  conditions 
of  the  chorioid,  the  two  seeming  to  stand  in 
the  rcUtiun  of  cause  and  effect.  Where  as- 
tigmatism was  also  present  the  diminished 
sharpness  of  sights  pain,  and  the  diseased 
states  were  more  marked  than  when  this 
anomaly  of  refraction  was  absent. 


FlO.  S5. 
8  Point,  Ko.  U  CBrerieT),  leaded. 

The  mmlel  or  emmetropic  eye  is  com- 
paratively rare,  hut  the  eyes  which 
most  nearly  approach  this  ideal  state 
of  refraction,  other  thingis  l)ein>!:  equal, 
enjoy  the  highest  acuity  of  vision,  air 
freest  from  paiD  and  disease,  and,  iti 
the  school  examinations,  have  been 
fonnd  to  remain  in  a  nearly  uniform 
percentage  through  all  the  classes,  from 
the  lowest  to  the  highest*  lo  the  same 
cla:*ses  tlie  hypermetropic  eyes  were 
found  to  diminish  steadily  in  percent* 
age,  while  the  eyes  with  myopic  refrac- 
tion increased  in  approximately  the 
same  ratio.  Careful  study  of  individual 
cases  in  which  this  increase  of  refrac- 
tion  was  taking  place  revealed  the  (act 
that  the  change  was  associated  with 
certain  pathological  conditions  of  the 
chorioid,  the  two  seeming  to  stand  in 
the  relation  of  C4iuse  and  efP^t.  Where 
astigmatism  was  also  present  the  di« 
minished  sharpness  of  sight,  pain,  and 
the  diseased  stat-es  were  more  marked 
than  when  this  anomaly  of  refraetiaii 
was  ab«»eQt. 

Pio,  87. 
8  Polat,  No.  11  ^Brevier),  leaded. 

The  model  or  emmetropic  eye  is  ccmi- 
parntively   rare,   but   the    eyt*9  which 
mo.^t  nearly  approach   this  ideal  slate 
of  refraction,  otlicr  things  being  efjUalT 
enjoy  the  highest  acuity  of  vision,  at* 
freest  from  pain   and  disease,  and,  in 
the    school    examinations,    have  lieeo 
found  to  remain  in  a  nearly  uniform 
percentage  through  all  the  classes,  (nm 
the  lowest  to  the  highest.    In  the  same 
cl assert   tiie    hypermetropic  eyes  w^fl 
fount!  to  diminish  steadily  in  jierceDl- 
age,  wiiile  the  eyes  with  myopic  refi^a»| 
tlon    increased   in    approximately  lli^ 
same  ratio.   Careful  study  of  individtial  j 
cases  in  wOiich  this  increase  of  refrao  ' 
tion  was  taking  place  revealed  the  foct 
that  the  change   w^as  a.*%sociated  with 
certain  pathological  ct>nditioiis  of  the  [ 
chorioid,  the  two  seeming  to  stand  in 
the  relalion  of  cause  and  effect.  Where 
usitigmntism  wa.s  also  present  thf  di- 
minished sharpness  of  sight,  paiUi  ^^^ 
the  diseased  states  were  more  marked 
than  \vhen  this  anomaly  of  refractioD 
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FtQ.  38. 
10  Point,  No.  8  <Lous  Primer), 

The  model  or  emmetropic  eye  is 
com pu rati vely  rare,  but  the  eyes 
which  most  nearly  approach  this  iJeal 
state  of  refmclioD,  otLer  thiiii^s  being 
e(|yal,  enjoy  the  highest  acuity  of 
vision,  are  free*<t  from  pain  and  dis- 
ease, and,  in  the  school  examinations, 
have  been  found  to  remain  in  a  nearly 
uniform  percentage  through  all  the 
classes,  from  the  lowest  to  the  high- 
est. In  the  same  classes  the  hyj)er- 
mo  t  r  o  pice  ye  s  w  ere  i b  u  n  d  t  o  d  i  m  i  n  i  a  h 
steadily  in  pereenta«^e,  while  the  eyes 
with  nnopie  refractiou  increased  in 
approximately  the  sanuj  ratio.  Care- 
ful study  of  individual  cayes  in  which 
this  iuereuseof  refraction  was  taking 
place  revealed  the  fact  that  the 
change  was  associated  with  certain 
pathological  conditions  of  the  chori- 
oid,  the  two  seeming  to  stand  in  the 
rehition  of  cause  and  cflTect.  Where 
astigmatism  was  also  present  the 
diminished  sharpness  of  sight,  pain, 
and  the  diseased  states  were  more 
marked  than  when  this  anomaly  of 
refraction  was  absent* 


Fio.  39, 
10  Point,  No,  8  {hong  Primer),  leaded. 

The  model  or  emmetropic  eye  ia 
comparatively  rare^  but  the  eyes 
which  most  nearly  approach  this  ideal 
state  of  i-e fraction,  other  things  being 
equal,  enjoy  the  highest  acuity  of 
visioa,  are  freest  from  pain  and  dis- 
ease, and,  in  the  school  examinations, 
have  been  found  to  remain  in  a  nearly 
uniform  percentage  through  all  the 
classes,  from  the  lowest  to  the  high- 
est. In  the  same  classes  the  hyper* 
raotropic  eyes  were  found  to  diminish 
a  t ead  i  ly  i  n  per c  en  t age ,  w  h  i  1  e  t  h  e  ey  es 
with  myopic  refraction  increased  in 
approximately  the  same  ratio.  Care- 
ful study  of  individual  cases  in  which 
this  increase  of  refraction  was  taking 
place  revealed  the  fact  that  the 
change  was  associated  with  certain 
pathological  comlitions  of  the  ehori- 
old,  the  two  seeming  to  stand  in  the 
relation  of  cause  and  effect.  Where 
astigmatism  was  also  present  the 
diminished  sharjiness  of  sight,  pain, 
and  the  diseased  states  were  more 
marked  than  when  this  anomaly  of 
refraction  was  absent. 
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The  Length  of  the  Lin^s, — -laval  vcn*  projierly  condemns  the 
line,  and  I  eonld  wii^h  its  banishment  from  all  new  books.  The  lon^ 
a  quarto  page  is  cert;iinly  more  difficult  to  read,  oUier  things  being  equal, 
than  when  the  page  is  ilivided  into  two  columns.  As  an  tllusttstioQ  of 
excellent  printing,  viewed  both  from  the  8tand-»i>oiat  of  the  hygiene  of 
vision  and  from  that  of  the  printer's  art,  I  would  call  attention  to  the 
Si.  Nicholas  for  Young  Fofh.  The  ten-point  letter  \v  ith  a  bold  &ce  is 
employed,  well  sjmced,  and  the  lines  are  two  and  a  lialf  millimetres  apart 
The  page  is  divifletl  into  two  columns  by  a  four-mill i metre  blank  spaee, 

Pomtion  assumi'd  in  Writing;  Kind  of  Script, — The  projier  posture  of 
the  pupil  wliile  writing,  the  position  of  the  pai>er,  and  the  kind  of  script 
t^i  be  employt*d  are  (juestious  of  great  intcTest  to  both  teacher  and  pbv&i- 
eiau,     Fahrner,  in  1879,  apparently  unmindful  of  his  important  teaehin^H 
regarding  the  ap|)ropriate  arningement  uf  the  school  desk,   writes,  **  ^^^^ 
allow  our  cbildreo  to  grow  crook  eil  in  order  that  their  handwriting  may  be 
nicely  slanted/'  obviously  favoring,  therefore,  the  vertical  script.     In  diii 
he  is  supported  by  many  eminent  Continental  authorities.      Indeedi  the 
weight  of  authority  would  seem  to  favor  the  vertical  script  and  the  placinjf 
of  the  paper  in  a  central  position  in  front  of  the  pupllJ^  the  top  and  bottom 
of  the  sheet — that  is  to  say,  the  rulfd  lines  on  the  paper — being  parallel  lt» 
the  plane  of  the  body^  the  pupil  U'iug  requircnl  to  face  the  desk  squarely, 
as  in  Fig.  25.     This  position  of  pupil  and  paper,  together  with  the  verti«*2il 
j^cript,  is  aup|>i>sed  tu  favor  upright  sitting,  the  importance  of  which  hi^ 
already  lK»en  ji(>intc<_l  out.     It  slioukl  Ix*  lx>rue  in  mind,  however,  that  uprij 
sitting  is  dependent  upou  tht*  proper  relation   lK?twei^n  the   desk  and 
chair  rather  than  upon  the  nature  of  the  rcfquii*ed  work.     Assuming  that 
the  pupil  is  seated  |>roperly,  it  is  probal>le  that  little  attention  need  be  giveii 
to  the  script  he  emijloys,  so  long  as  the  [laper  is  maintained  in  a  i^entral 
IXJSition,     If  lie  is  ref|uiretl,  however,  to  hold  tlie  pa}>er  with  its  ruled  Hoes 
parallel  to  the  edgt*  of  the  desk  and  to  the  j>lane  of  his  body,  he  will  \x 
inelinetl  to  move  the  iJajKn*  to  the  right  side,  into  the  so-called  right-dciift 
pisition.     In  this  position  the  eyes  must  be  carried  to  the  right  in  a  am 
stantly  increasing  degree  as  the  line  on  the  jmper  increases  in  length  from 
left  to  right.     To  favor  the  stmined  ocular  muscles,  the  h*ead  is  turned  U^ 
the  right  and  the  spine  is  twisted  on  its  long  axis,  a  jx^sture  which  mm 
grow  more  and  more  fatiguing  as  the  task  is  continued.     To  relieve  the 
fatigue,  the  head  and  the  l>ody   fall    forwanl  to  find  supjiort  on  the  led 
elbow  and  the  desk. 

All  that  is  needed  to  demonstrate  the  fatigue  which  must  follow  this 
right-dextcr  jK>sition  (»f  tlie  paper  is  the  attempt  to  rt^d  for  a  few  moment^ 
with  the  book  in  a  corresjiondtng  position,  the  eyes  being  held  to  tlie  right 
An  excellent  example  is  also  furnislicd  by  the  fatigue  experienced  by  copy- 
ists, whose  work  requires  the  ctmstant  movement  of  the  eyes  fnira  one  pagt? 
to  another.  The  increased  tension  upou  the  cK'ular  muscles  soon  manifeei* 
itself  in  painful  fatigue.     The  essential  points  to  be  kept  in  mind  aa^  tlie 
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upright  position  and  that  both  eyes  shall  he  at  an  equal  distance  from  the 
pai)er.  To  swure  tJiis,  a  proper  armngeinent  of  the  desk  and  seat  is  of 
primary  imjiortiniee.  Whexi  this  is  secured  there  will  be  little  need  to  ques- 
tion the  relative'  adx^antages  of  the  vertical  or  the  slanting  scTipt.  My  t»wii 
judgment  is  in  favor  of  the  latter,  if  a  choice  is  to  be  made,  not  bec*iiuse  it 
is  more  favorable  to  upright  sitting,  but  because  I  am  unable  to  see  sufficient 
reasiin  for  replacing  it  by  the  less  gmoeful  vertical  writing.  In  order  to 
keep  the  eyes  equidistant  from  the  work,  the  paper  must  l>e  ct>ntrally  placwj 
before  the  pupiL  The  jx>sition  of  the  sheet  in  its  relation  to  the  plane  of 
the  face  and  the  edge  of  the  desk  must  determine  the  kind  of  letter  it  is  most 
convenient  and  natural  to  make.  If  the  sides  of  the  8h(*et  are  vertical  to 
the  plane  of  the  face,  the  vertical  letter  is  most  natumlly  made  if  the  pen 
is  held  in  the  proper  position  in  the  hand, — Lt\^  with  the  pen-stock  resting 
in  the  crotch  Ijetweeii  the  thumb  and  t!ie  index  finger  and  pointing  to  the 
right  shoulder.  If,  oo  the  other  hand,  the  sheet  of  paper  is  inclined  to  the 
left  from  twenty  to  thirty  degrees,  all  other  conditions  remaining  unchanged, 
the  slanting  script  is  the  fiirm  that  is  most  natumlly  adopted.  The  argu- 
ment that  vertical  lines  are  less  fatiguing  to  the  eyes  than  those  which  ai'e 
diagf)nal  to  the  vertical  meridian  of  the  cornea  falls  when  it  is  considered 
that  with  tiie  paper  inclined  to  the  etige  of  the  desk  the  lines  in  the  slanting 
script  are  in  tact  vertical  in  their  relation  to  tliis  meridian  of  the  eyes. 

It  is  my  opinion,  therefore,  tliat  in  properly  seatt^l  and  lighted  school- 
rooms,  aided  by  judicious  instruction  of  teachei^  and  pupils  as  to  the 
importance  of  upright  sitting,  we  may  safely  leave  both  the  jxtsition  of  the 
pa|>er  and  the  kind  of  script  to  be  employed  to  a  proc*ess  of  uatural  selec- 
tirm.  With  the  light  coming  from  the  left  side  of  the  room,  there  will  lie 
nu  ti-mptation  to  carry  the  piiper  to  the  right  side;  the  central  position  is 
the  natural  one.  In  a  suital>ly  arranged  desk  there  is  no  temptation  to 
turn  to  the  left  or  to  lean  forward ;  the  proper  position  is  the  easiest  and 
mrKst  natural  one  to  assume.  My  own  oln^ervation,  Ixith  iu  the  school-room 
and  by  pei'si.jual  trial,  seems  to  point  to  the  inclined  position  of  the  jMper, 
and  consequently  to  the  slanting  script,  as  the  most  natural.  To  rae  the 
vertical  position  of  the  paper  is  in  some  measure  a  cramped  one. 

In  the  American  schools  the  Spenccrian  inclined  sc^ript  is  pi^ferred,  the 
paper  being  inclined  to  the  edge  <jf  the  desk  in  varying  degrees, — from 
t^'entj"  to  forty  degrees.  There  is,  however,  gretit  diversity  of  opinion 
as  to  the  best  positions.  In  some  cases  coming  under  my  own  observa- 
tiou  the  chiklren  were  i>lactMl  with  the  right  side  turned  to  the  dt^k,  the 
paj3€r  inchned  at  an  angle  of  forty-five  or  even  sixty  degrees,  The  feet 
were  also  carried  tr>  the  left,  so  thnt  tlie  sitting  was  diagonal,  TJiis  fKisi- 
tion  is  not  to  be  commendtHl.  In  others  the  centml  position  was  taught, 
with  the  papei'  inclined  to  the  left  thirty  degrees.  In  the  class  representee! 
in  Fig,  18  the  teacher  had  adoptal  the  central  iuclined  [w^sition  for  the 
paper  and  the  inclined  scri|it.  But  little  fault  is  to  be  found  with  the 
positions  assumed  by  the  pupils.     It  should  be  obsL-rved,  however,  that  in 
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the  front  of  the  rooiiij  on  the  right  side,  where  the  light  fmm  the  lei 
less  bright  tlmn  eli^ewhere  in  the  rtHjm,  the  children  have  earrietl  tlie  pajj 
into  the  right-dexter  {x^sition  io   their  attempt  to  secure  the  light  froa 
the  rear  windows  also,  a  fact  which  incideutally  demonstrates  that  other| 
factors,  particularly  the  source  of  light,  enter  into  the  problem  of  the  aitituj 
naturally  assumed  by  a  class  of  school-children,  if  left  to  their  choice  ( 
position,  far  more  than  the  kind  of  script  employed. 

BPECIXL   DEVICES    FUK   THE  CARE   OF   WEAK    EYKS. 

Notwitljstanding  every  proper  precaution  for  the  prevention  of  \ 
there  will  always  l>e  a  large  numl>er  of  children  in  our  ftchooU  who  nfi 
spwial  provision  made  for  their  welfaiT,  if  diey  are  not  to  be  left  to 
opc^mtion  of  the  hai^h  law  of  the  **  survival  of  the  fittest'*  I  liave  air 
urgcxl  the  impntance  of  an  elastic  curriculum  of  study  which  wouUl  imk 
it  possible  fur  pupils  with  weak  eyes  and  feeble  health  to  lengthen  tli 
period  to  be  devoted  to  school  life  without  being  eom|>elled  to  follow  the 
class  rigidly  in  successive  promotions  in  all  the  branches. 


Fio.  40. 


;^^„ 


:^'. 


1/ 


For  children  who  have  already  developed  commencing  near- sight,  wit] 
its  attending  choririiditis,  much  is  to  l>e  gained  by  special  devices  to  iosup 
against  any  further  increase  of  their  disease.  The  tendency  in  such  eya 
is  to  bring  tlie  face  nearer  and  nearer  t lie  work  as  the  eyes  l>eeome  eongestei 
with  use.  This  can  be  prevented  by  the  use  of  a  i*est  which  will  hold 
head  erect  and  at  the  proper  reading  distance.  Many  forms  of  so-calle 
"  straiglit  holders"  or  crutches  have  Ix^n  devised  for  this  purpose^  but  tbf 
only  one  whioli  seems  wortliy  of  einnmendation  is  tliat  devised  by  Kail* 
»nanu,  an  optician  of  Breslau,  which  he  calls  a  **  liiee-rest.*'     Its  gener 
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features  and  mode  of  applu^tion  are  maile  sufficiently  plain  by  Fig.  40. 
Colxn  says  of  it,  **  I  never  allow  my  own  eliiklrcii  to  \vfit4^  w  ithout  it, 
whether  at  home  or  in  school,  ewn  when  sitting  at  the  best  possible  desk/' 
It  is  serewi:^  to  the  desk,  and  cau.ses  little,  if  any,  annoyance.  The  intro- 
duction of  this  rest  for  all  children  with  tender  eyes,  both  at  school  and  in 
their  homes,  is  worthy  of  commendation. 

In  my  practice  I  have  long  been  in  the  habit  of  urj^ing  the  adojition 
of  a  sjK'cial  jjoilable  reading  desk  so  constructed  that  the  book -support  can 
be  iiiclhie<l  to  any  desired  angle.  This  is  repi'esented  io  Fig.  41.  By 
its  means  the  bcMik  is  held  more  or  It^ss  upright  Wfore  the  eyes,  which 
is  a  distinct  advantage  over  the  flat  page,  and  moi*eover  removes  in  great 
measure  the  tendency  to  lean  forward.  Mr.  Priestley  Smith  also  has 
strongly  urged  the  imjK>rtance  of  a  similar  device.  In  home  work  the 
reading  and  %vriting  desk  is  of  signal  im^wrtanee,  sinc^e  at  home  tlie  child 
is  likely  to  be  lefl  to  his  own  choice^  of  positi<m.  I  have  frL^piently  urged 
upon  the  parents  of  children  under  treatment  ibr  their  defective  eyes  the 
purchase,  far  iinme  use,  of  some  form  of  the  hygienic  desk  represented  in 
Figs.  27-30,  which  has  the  addcil  advantages  oi'  the  properly  adjusttKl  seat 
and  a  receptacle  for  books  and  other  school  materials.  It  is  supph*ed  with 
a  moval^le  plat  form,  upon  wliidi  the  desk  and  stiit  are  firmly  screwed,  and 
can  be  placed  in  any  convenient  place  for  light,  or  bt^  raoveil  out  of  the 
way  when  not  in  use.  In  the  case  of  children  with  weak  eyes,  I  have 
forbidden  the  use  of  pen  or  [lencil  and  paper  at  home,  and  advised  a  blaek- 
boaixl.  It  should  l)e  placed  upon  an  easel  or  huug  at  the  proj^r  height 
against  the  wall.  I  esteem  this  expwlient  of  much  value  in  preventing 
the  strain  uijon  tetider  eyes  in  the  preparation  of  lessons  at  home. 


CONCLUSIONS, 

The  conclusions  wbieli  seem  to  be  borne  out  by  the  discussion  in  the 

pi^ectxling  pages  may  be  briefly  summarized  as  follows: 

Fird,  The  schools  cannot  Ije  held  solely  responsible  for  the  harm  which 
befalls  the  eyes  of  the  school-children  during  the  ethicational  process,  since 
it  has  been  shown  that  a  very  large  percentage  of  the  ehiklrcu  enter  the 
schools  with  congcuitally  delt'ctive  eyes.  This  nmclnsion  is  strengthened 
by  the  ikct  that  these  detective  eyes  have  l>eeu  shown  to  be  es|ieeially  liable 
to  injurv,  while  the  mcwlcl  or  emmetropic  eye  and  the  eyes  most  nearly 
approaching  this  ideal  t?tatt^  of  i-efi^ctitm  enjoy  the  highest  acuity  of  vision, 
are  eompamtively  frt*  fnmi  pain,  and  maintain  a  nearly  uniform  percent- 
age in  all  the  grades  of  school  life. 

Second,  In  tiie  light  of  the  precetling  conclnsinn,  it  is  highly  imjiortant 
that  every  child  sec^king  to  enter  the  schools  should  be  subjet^ted  to  a  sys- 
tematic examination  as  to  the  state  of  the  vision,  and  where  this  is  found 
detective  tlie  parents  should  he  notififKl  and  advised  of  the  probable  harm 
which  will  result  from  the  school  work  if  professional  advice  is  not  secured. 

Third.  The  skilful  correction  of  the  errors  of  refraction  in  our  children's 
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eyes  by  glasses  would  go  far  to  arrest  the  acquisition  of  near-sight  and  its 
attending  pathological  conditions,  and  in  most  cases  would  prevent  also  the 
asthenopia  which  precedes  and  accompanies  the  increase  of  refraction. 

Fouiih.  The  very  great  frequency  of  these  congenital  anomalies  should 
stimulate  our  school  authorities  to  the  adoption  of  every  sanitary  precaution 
and  to  the  most  scrupulous  avoidance  of  faulty  educational  methods. 

The  following  suggestions  should  be  borne  in  mind  as  important : 

(a)  Sufficient  light,  properly  admitted  to  the  school-room,  should  be 
regardtxl  as  a  fundamental  requirement  in  school-house  architecture.  The 
light  should  Ih}  admitted  from  the  left  side  of  the  pupils,  and  the  ratio  of 
window  surfiiw  to  floor  surface  should  never  fall  below  one  to  five,  and 
this  should  be  exceeded  in  many  localities,  on  the  north  side  of  buildings 
and  on  the  ground-floors. 

(6)  The  desks  and  seats  should  be  of  such  a  pattern  as  will  permit 
inde|K'ndent  adjustment  as  to  height  and  size  to  meet  tlie  requirements  of 
individual  pupils,  and  should  be  arranged  with  a  minus  horizontal  distance, 
in  oixler  to  insure  upright  sitting. 

((')  Instruction  should  lx»  imparted  as  far  as  }X)ssible  by  means  of  black- 
boanls,  wall  mai)s,  charts,  and  orally,  instead  of  by  work  at  a  near-point, 
as  with  |H'ncil  and  i>ajHT  or  slate.  Where  the  work  must  be  done  at  a 
n(»ar-poiiit,  a  ynyn  and  black  ink  should  be  used  instead  of  a  lead-pencil  or 
slat<»  and  j)ciu'il. 

(d)  The  work  r(X|Uirod  to  be  done  at  home  should  be  in  large  measure 
abandontMl,  or  at  least  largely  reduced. 

(e)  A  more  elastic  curriculum  of  study  is  desirable  for  pupils  with  weak 
eyes  or  fvMv  health,  wliiili  will  jHTmit  the  lengthening  of  the  school  life 
and  at  the  siune  time  admit  of  steady  promotion. 

(/')  The  system  of  term  examinations  should  be  abandoned  entirely. 

((/)  (ireat  cure  should  Ik»  exereiseil  in  the  selection  of  properly  printeil 
toxt-hooks.  Only  g(Mxl  pajx'r,  and  tyjH'  no  smaller  than  eight-point,  or 
preferably  ten-point,  are  admissible  in  sehool-Urnks,  and  these  should  be 
l>old-iaeed  and  well  spaecnl,  on  a  double-column  page.  For  the  former  a 
distance  oi*  two  niillim(»tres  between  the  lines,  and  for  the  latter  a  distance 
of  two  and  om^ialf  millimetres,  should  be  rccjuired. 

(//)  In  writing,  the  centml  j)osition  of  the  paper  should  be  maintaineil, 
but  in  properly  lighted  rooms  with  suitably  arranged  S(»ating  the  kind  of 
script,  vertical  or  slanting,  will  depend  upon  the  verticiil  or  the  inclinetl 
position  of  the  paper,  and  may  safely  be  left  to  natural  selection. 


BLINDNESS:   ITS   FREQUENCY,    CAUSES, 
AND  PREVENTION. 


BY  L  MINIS  HAYS,  A.M.,  M.D,, 

Fhiladdphia,  Fa.,  U.S.A. 


Definition. — ^Blitidness  is  properly  defined  as  au  incurable  total  losa 
of  Sight  The  ]>opu]ar  definition  of  it^  however,  is  tliat  oondition  in  which 
the  sight  is  so  dirainirihtil  that  any  oceupation  requiring  the  use  of  the  eyes 
is  impraeticable, 

STATISTICS. 

Aeeordinn^  to  George  Mayr/  there  were  in  the  year  1876  in  the  entire 
world  208,381,478  inhabitants,  of  whom  180,537,  or  .000866  percent,,  w^ere 
blind,  or  one  blind  person  to  every  1154  inliabitanta  Statistics  of  blind- 
ness based  on  the  census  of  population  are  not,  however,  alis^ilntely  reliable. 
It  is  believtx^l  tliat  the  eensus  returns  c^cnerally  materially  underrtite  the 
nuniLKT  of  blind,  owint^,  prnlmbly,  to  the  fact  tliat  those  who  are  of  de- 
fet^tive  sight*  although  aijle  to  walk  about  and  to  distinguish  light  from 
darkness,  but  practii'ally  blind,  are  disinelinal  to  return  themst'lves  as  sueh. 
This  bi?lief  has  bwn  e*jnfirnieil  by  a  rareful  inquiry  into  the  number  of 
blind  in  the  population  of  the  three  Scottish  counties  of  Lanark^  Renfrew, 
and  Ayr,  made  after  the  takini»;  of  the  British  et^nsus  of  1881,  when  it  was 
found  that  the  numlx^r  of  blind  was  173  in  exctJSS  of  the  number  given  in 
the  Census  Report,  and  for  the  whole  of  Scotland  it  was  estimattK^l  as  1 5  J  per 
cent,  in  excess  of  the  census  return.  Zehender,^  too,  has  critically  examined 
the  data  for  the  Graud  Duchy  of  Meckh^nburg,  and  has  f>und  that  many 
Ijlind  io habitants  were  not  counted  as  such,  while  some  wrho  could  see  were 
enumerated  as  blind,  and  that  no  accurate  distinction  had  been  made  Ije- 
tween  blindness  and  a  high  degree  <vf  weak  sight,  nor  between  curable  and 
incurable  blindness. 

The  proportion  of  blind  to  the  entire  population  varies  in  different  c<iuntries, 
owMug  t«t  ^Kx^upatiou,  elinmtie  px*uliarities»  and  other  causes,  which  w^ill  be 
considered  in  detail  hereafter.  The  folhiwiug  table,  compiled  from  the 
Report  of  the  Eleventh  Census  of  the  United  States  and  from  statistics  given 


^  CaliC]^  Lehrbuch  der  Hygiene  dee  Augei,  s.  768. 
^  Klin.  MoBnUblfttter  fQr  Augenhk.,  1870,  ».  277. 
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by  Corradi  in  1886/  exhibits  the  proportion  of  blind  to  one  million  of  popu- 
lation  in  various  countries,  arranged  in  the  order  of  increasing  freqaencv 
as  follows : 

Proportion  of  Blind  to  One  Million  of  InhabitanU. 


Holland  (18S9) 445 

Baden  (1871) 624 

Canada       619 

Hesse  (1880) 629 

Denmark  (1880) 668 

Scotland  (1891) 698 

Poland 700 

Austria  (1890) 710 

Saxony  (1880) 711 

Switzerland 761 

Italy  (1881) 761 

United  Stetes  (1890) 808 

England  and  Wales  (1891)    .   .  809 

Belgium  (1856) 811 

Sweden  (1880) 816 


Bavaria  (1871) 

Prussia  (1880) 332 

German  Empire g^Q 

France  (1888) ^7 

Spain  (1860) '.    111,9 

Ireland  (1891) 1135 

Hungary  (1880) 1332 

Norway  (1866) 1353 

Russia  (1886) about    2000 

Argentine  Republic 2024 

European  Russia  (1869)   .    .    .    2100 

Portugal 2190 

Finland  (1878) 2226 

Iceland 8400 


The  countries  showing  the  highest  percentage,  arranged  in  the  order  of 
diminishing  proportion,  are  Iceland,  Finland,  Portugal,  European  Russia, 
and  the  Argentine  Republic,  and  the  percentage  of  the  United  States  is 
slightly  below  the  world's  average. 

United  States. — According  to  the  census  of  1890,  out  of  a  total  popu- 
lation  of  62,622,250,  the  total  number  of  persons  returned  as  blind  in  both 
eyes  was  50,568,  which  is  in  the  proportion  of  808  to  a  million  of  popu- 
lation, or  one  blind  to  every  1238  inhabitants.  The  corresponding  figures 
in  1880  were  :  total  number  of  blind,  48,928  ;  and  the  number  per  1,000,000 
of  population,  976,  or  one  blind  to  every  1032  inhabitants.  The  decrease 
in  the  projwrtion  of  blind  in  1890  is  probably  in  part  a  real  one,  corre- 
sponding with  the  decrease  which  has  occurred  in  Great  Britain  and  other 
countries,  and  in  part  may  be  due,  according  to  the  Eleventh  Census  Report, 
to  a  less  complete  enumeration  of  this  class  of  population  than  was  made 
in  1880.  Among  the  males,  according  to  the  census  of  1890,  there  were 
28,080  blind  in  a  total  of  32,067,880,  or  one  in  every  1142  of  population  ; 
and  among  the  females,  22,488  in  a  total  of  30,554,370,  or  one  in  every 
1359  of  population. 

Of  the  50,568  blind,  43,351,  or  788  per  million  of  population,  belonged 
to  the  white  race,  and  7217,  or  945  j)er  million  of  population,  to  the  colored 
race ;  the  proportion  of  blind  is,  therefore,  somewhat  greater  among  the 
colored  race  than  among  the  whites. 

41,390,  or  775  [)er  million  of  population,  were  native-bom,  and  9178, 
or  992  per  million  of  population,  were  of  foreign  birth  ;  the  proportion  of 
blind  is,  therefore,  greater  among  the  foreign-born  than  among  the  native 
population. 


^  Annali  universali  di  medicina  e  cbirurgia,  vol.  cclxxv.  p.  174. 
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The  following  table  shows  the  respective  ages  of  the  blind  population : 
The  Blind  in  the  United  J^aiea—Ckwntt  of  1890. 


Sex. 

Totftl. 

knoirii.   ^^ 

6-10 

lO-lB 

1&-20 

1207 
lOU 

2218 

30^5 

1124 
941 

2065 

as-so 

1160 
877 

2037 

90-85 
1225 

2151 

35-ifi 

2802 
1930 

45-^ 

40M 
2275 

418ft 

2962 

65^76'7&-a5 

85  find 
upw»nl< 

Male*.  -   .   .    27^968 
Females    .  .    22,428 

S8d 

401 
362 

763 

632 
1421 

am 

975 
- 
2069 

4545 
3627 

1650 
8733 

I8y7 
1^1 

Ttot&I  .  .  . 

50,411 

575 

4722 

6339 

7148 

8172 

™» 

3348 

From  a  study  of  the  detaili^I  table  from  wlilt-h  tlie  preiH?ding  table  has 
been  compiled,  it  is  found  that  tlie  proportion  of  blind  rapidly  increases  up 
to  the  age  of  twenty  ;  between  the  ages  of  twenty  and  thirty  tliere  m  either 
no  increase  or  an  actual  decrease  ;  and  after  tlie  age  of  thirty  the  proportion 
incrtfases  gradnally  until  the  age  of  forty-five  is  reached,  after  which  period 
the  increase  is  very  ra]>id  up  to  the  age  of  seventy-five.  This  diminution 
in  tlic  proportion  of  tlie  blind  between  the  ages  of  tweoty-five  atid  tliirty- 
five  exists  in  the  white  and  the  colored  races  and  in  the  males  and  the 
females,  and  it  is  also  seen  in  the  statistics  of  England  and  Wales.  It  is 
prolrjibly  due  to  the  fact  that  the  number  of  [>ersons  whtj  l>ecome  blind 
between  twenty  and  thirty  years  of  age  is  proportionately  small. 

Of  the  50,568  cases  of  blindness  in  the  Uniteil  States,  4267,  or  8.4  per 
cent,  were  cow/enltaL  Of  these,  2346  w^ere  males  and  1021  females.  The 
were  as  fijllows : 


Congenitallif  Btmd  by  Age-QroupM- 

-U,S,  Otmusof  1890, 

Age-Gfouf». 

Number. 

RaUo  to  1000 

of  theCoTijfeni* 

tally  Blind. 

tlTiknown     .    , 

52 

878 
476 
566 
5S8 
427 
855 
287 
484 
333 
206 
122 
62 
81 

TJndpr  live  vetirs     ......           .....*.••.... 

89.n8 

From  5  to  10  v<*tir8 «. ♦.. 

lUM 

Fi7«>m  10  tc>  16  VKirs  .,.,., 

134.28 

From  15  to  20  veurs 

127.64 

From  20  tJ»  25  years ,,.,*. 

101  ,:n 

From  25  iu  iiO  veai-s    .    .        - * 

84.22 

Fn»fn  HO  to  35  vearw ,.♦,.,, ,, 

6B.09 

From  35  to  45  years 

102.96 

Fnim  45  to  55  veairg 

79.00 

Frnra  65  to  fl6  yenrs           , *    .    . 

48.88 

From  65  t**  75  years  .♦ , 

28.94 

From  75  to  86  yfara 

14.71 

85  vears  and  UDwurd 

7.36 

The  highest  number  in  any  age-groiip,  it  will  be  seen,  was  found  in  that 
from  ten  to  fifteen,  and,  allowing  for  errors  of  omission,  it  still  seems  prol:>- 
able  that  tlie  numlxT  of  congenitally  blind  infants  born  has  been  very 
appreciably  diminishing  during  the  i>ast  fifteen  years,  and  there  can  l)e  but 
little  doubt  that  this  is  largely  owing  to  our  better  methods  for  the  pre- 
ventitm  and  curt*  of  ophthalmia  neonatorum. 

The  proportion  of  the  blind  to  total  population  increases  steadily  with 
advancing  age.     The  following  table  show^s  the  number  of  blind  in  each  of 
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certain  age-groups  per  one  hundred  thousand  of  population  in  these  age- 
groups  in  the  United  States  and  in  England  and  Wales,  Scotland  and 
Ireland : 

The  Blind  in  Affe*  Groups  per  One  Hundred  Thousand  qf  I^opulaiian. 


Countries. 


United  SUtes  (1890)    :   .    . 
England  and  Waled  (1891) 

Scotland  (1891) 

Ireland  (1891)       


Under 
15Yeari. 


19.8 

20.8 

15.2 

9.1 


1&-26. 


84.0 
87.7 
29.6 
24.1 


25^. 


48.8 
46.1 
46.1 
64.8 


8M5. 


67.9 

74.8 

68.9 

106.7 


4fr.6& 


126.9 

116.4 

99.6 

186.6 


66-65. 


280.8 
214.8 
178.0 
298.0 


65  and 
orer. 


789.9 
602.0 
603.7 
768.6 


A  study  of  the  United  States  census  tables  exhibiting  the  ratios  of  the 
congenital  blind  in  each  of  certain  age-groups  per  one  hundred  thousand  of 
population  in  each  of  these  age-groups,  shows  that  the  proportion  of  the 
congenital  blind  remains  about  the  same  in  each  age-group  until  the  period 
of  sixty-five  years  and  upward  is  reached,  when  it  slightly  increases.  This 
indicates  that  the  death-rate  of  the  congenital  blind  is  about  the  same  as  that 
of  the  rc^t  of  the  jwpulation  until  the  age  of  sixty-five  years  is  reached, 
when  it  becomes  somewhat  lower  than  the  average.  The  increase  in  the 
proportion  of  the  blind  with  advancing  age  is  entirely  among  the  non-con- 
genital blind,  and  is  due  to  causes  acting  at  all  ages  to  destroy  vision. 

Tiie  total  number  of  pupils  in  schools  for  the  blind  in  the  United  States 
was  1491).  Taking  the  average  school  age  as  being  between  five  and  twenty 
years  of  age,  there  were  5708  blind  of  school  age,  of  whom  only  1105, 
or  19.36  i)er  cent.,  were  at  school ;  the  pro{X)rtion  being  a  little  greater  for 
males  than  for  females,  and  more  than  twice  as  great  for  the  white  as  for 
the  coIohmI  i>(>pulation. 

irrait  Jiritain, — According  to  the  census  of  1891,  the  total  number  of 
persons  rcturneil  as  blind  in  England  and  Wales,  out  of  a  iK)pulatioD  of 
29,002,525,  was  23,4<)7,  which  is  in  the  pro|)ortion  of  809  to  a  milh'on  of 
population,  or  one  blind  to  every  1236  inhabitants.  Among  the  males,  one 
in  every  1144  was  so  affected,  and  amont|r  the  femak»s,  one  in  every  1336. 

The  respective  ages  of  the  blind  population  of*  England  and  Wales  are 
shown  in  the  following  table,  extracted  from  the  Census  Report  for  1891. 
The  total  population  was  29,002,525,  of  which  14,052,901  were  males  and 
14,949,624  were  females. 


The  Blind  in  England  and  Wales — Census  of  1891. 


Returned  u 


All  Agee. 


Penona.  |   M.  A  F.   i 


5-  '  Hs- 


Bllnd  from  childhood  . 
Blind,  otheni    ..... 


ToUl  bUnd 


10  ifio  /  1  M.,  10,087  297  !  316  '  jm 
iv,40.  I    -p  ^    B, 373  253  '  292    250 

^^  f!M=J2.2gl  2S7|Mfi'49S 
^**^  \  I  F.,  lUm  253  I  ®a  ,  IBS 


15-;  20-    25- 1  35- I  45- I  56- I  65- I  75- 


85nDd 
upward. 


SfifJ  201  30!  206  153  109.  54,  2ll 
17§  70  3.^  187'  130  96'  51  15 
Mh  ^  361?    S64  1295  1599  179<)  187S  1 


902   279 


iifi.'i  if^H7?i2'i9<^  lysa 

S56|  S«9;il55|lMe^2159 


ma 


192§ 


3 
289 
510 


291 
MS 
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The  proportion  of  the  bliod  to  the  j)opiilatiuii  has  decreased  with  eaeh 
successive  enumeration  since  1851,  when  the  blind  were  included  in  the 
census  for  the  first  time;  but  the  decrease  in  the  decade  ending  1891  was 
much  greater  than  in  any  of  the  preceding  decennial  intervals. 

Titbit  Bhowing  the  Diminulimi  in  the  Froportimmte  Ntimi^er  of  BHfid  in  England  and 

Wales, 


Ymr, 


1851 

1801 
1871 
1S81 
IBQl 


Namber  of 
Blitid. 


18,806 
19,352 
21,S90 
22332 
23,467 


Pertons  ena- 

menLted  ba 

One  BliEid 

PenoD. 


979 
1037 
1052 
1158 
1236 


The  total  number  of  i>ersons  returncM^  as  blind  rn  Scotland,  according 
to  the  census  of  1891,  out  of  a  total  pt^pnlatiou  of  4,U33jl03,  was  2797, 
which  is  in  the  proportion  of  695  to  a  million  of  jH>pulation,  or  one  blind 
person  to  every  1439  inhabitants,  Among^  the  males,  one  in  every  1371  is 
so  affeetcHl  ;  among  the  females,  one  in  every  lt509. 

The  respective  ages  of  the  blind  population  of  St*otIand  are  shown  in 

the  following  table,  extraeteil  from  the  Census  Report.     The  total  jiopu- 

lation  was  4,033,103,  of  which  1,901,461  were  males  and  2/)81,642  were 

females. 

The  Blind  in  Scotlond-^-Chmtf  of  1S9L 
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48 

71 
50 

43 
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HI 

196 
146 

222 
lffi» 

40 

103 

The  proportion  of  the  blind  to  the  population  of  Scotland  has  decreased 
with  eneb  successive  emuneration  si  ace  1871,  when  the  blind  were  included 
in  the  census  for  the  first  time  ;  but  the  decrease  in  the  decade  ending  1891, 
as  in  England  and  Wales,  was  much  greater  than  in  the  preceding  decennial 
intervals, 

TMe  sh&withg  the  Diminuium  m  the  Ptoporiifmate  Number  of  Blind  in  Scotland. 
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Number  of 
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1S71 

8019 
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2797 

1112 

1881 

1182 

1891 . 

1439 
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The  total  number  of  persons  retomed  as  bliiid  in  Iidand, 
to  the  orasus  of  1891,  oat  of  a  total  popoktioa  of  ^706,192, 
which  is  in  the  proportion  of  1136  to  a  millioD  of  popnlatioiiy  or 
person  to  eveiy  881  inhabitants.    Among  the  malea^  one  in  mvtry 
affected ;  among  the  females,  one  in  every  863, 

The  respective  ages  of  the  blind  population  of  Iidand  ai 
following  table,  extracted  from  the  Census  Beport    The  total 
was  4,706,162,  of  which  2,317,076  were  males  and  2,389,086 


fiSfl, 
901  ns» 
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in  Urdand^-Ommii  i^l89L 

MitfM. 

{j_ 

A* 
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aft- 

2&- 

«- 
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S5^ 

7^ 
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55 
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M2 
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Total  .   .   ,  5841 

18 

46 

74 

111 

129 

8^ 

516 

856 

996 

1016 

89S 

S51 

The  proportion  of  the  blind  to  the  popnlation  has  apparently  not  de- 
creased with  each  successive  enumeration,  as  is  shown  in  the  following  table : 

Ihble  showing  the  Proportionate  dumber  qf  Blind  in  hdomd  at  eaick  Cbwiw  JDeoade. 


Year. 

"^SSS^ 

One  Blind 

1861        

7587 
6879 
6847 
6111 
5841 

884 

1861 

848 

1871 

86S 

1881 

847 

1891 

881 

The  Commissioners  of  the  Census  of  1861  attributed  the  large  propor- 
tion of  coses  of  bliudness  to  the  fact  that  during  the  three  preceding  years 
no  loss  than  86,959  cases  of  epidemic  ophthalmia  were  treated  in  the  Irish 
workhouses.  During  the  next  decade  the  total  population  was  decreased 
by  763,760,  and  the  blind  by  708.  This  decrease  was  mainly  owing  to  the 
great  stream  of  emigration  to  America ;  and  as  emigrants  were  prohibited 
from  taking  their  blind  relatives  with  them,  the  ratio  of  that  class  to  the 
remaining  population  consequently  increased.  The  slight  increase  in  the 
proportion  ol)served  in  the  decade  of  1871-81  was  probably  also  owing  to 
the  large  emigration  during  that  period. 

In  France,  including  Algeria,  according  to  the  census  statistics  of  1883,* 
in  a  population  of  40,803,396,  there  were  38,632  blind,  or  one  blind  to 
every  1056  inhabitants.  Of  these,  3794  (2132  males  and  1662  females),  or 
9.8  per  cent,  were  under  twenty-one  years  of  age,  and  34,838  (19,684  males 
and  15,164  females),  or  90.2  per  cent,  were  adults. 

1  Trousseau,  Hygidne  de  I'CEil,  Paris,  1892. 
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Id  IloUaml^  according  to  the  census  of  18(i9,  there  were  1593  bliud 
persons,  or  one  in  ev^erv  2247  inhabitants.^ 

In  Denmark,  according  to  the  census  of  1870,  there  were  1249  blind 
(577  males  and  072  frnialcs),  or  one  blind  to  every  1428  inbabitanta^ 

The  GfTtnan  Effipin^  with  a  totid  populuti^m  of  about  45jOO0,yO0,  has 
about  39,<}(X*  blind,  or  one  to  every  1154  inhabitants.^ 

AmfrifL — ^Thc  nuruL^er  of  lilind  in  the  j>ro\'in(*es  represented  in  the 
Reiebsrath  amounted  to  15>5S2  in  ihe  year  1884.*  Of  these,  2325  wei-e 
children  nnder  fifteen  years  of  age, — namely,  433  were  below  five  yeare,  779 
from  five  to  ten  years,  and  1113  from  ten  to  fifteen  years. 

77t#  Biind  in  Hungary} 
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OiamficaHan  of  the  Blind  according  to  Age— Hungarian  Chmt*  of  1880* 
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1J52 
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223 

402 

822 

993 

934 

1,776 

2,117 

2,628 

3,H22 

7,500 

82 


20,889 


Per  Cent 


1.07 

1.03 

3,96 

4.77 

4.48 

8.62 

10,10 

12.61 

15.94 

3^.42 

0,15 


100.00 


Ikiii/. — The  number  of  blind,  aceortling  to  the  cenBUS  of  1881,  was 
21,71 8»  and  those  of  school  age  were  estimated  to  form  about  twenty-five  per 
cent,  of  the  whole,  or  about  5429.^ 

In  Sti^eden^  according  to  the  census  of  1880,  there  were  3723  bliud,  or 
one  blind  person  for  every  1226  of  the  jx*pnhition/ 

In  Finland  there  were  22.26  blind  in  every  10,0W  inhabitants,  15.14 
being  males  and  29,38  females.  The  northern  districts  show  a  partieularly 
large  proportion  of  blind, — viz.,  30  to  every  10, WO  inhabitants.     In  tlie 

^  Keportof  the  Royal  Com miB^i on  on  the  Blind  of  the  United  Kingdom,  Irondon*  1889| 
ii.  p.  78. 

« Ibid.,  p.  78.  ^  m±,  p.  77.  <  Ibid.,  p.  80. 

*  Ibid,  p.  81.  •  Ibid.,  p.  82.  ^  Ibid.,  p,  79. 
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cities  the  proportion  was  8.26,  whilst  in  the  country  it  was  22.43  to  eveiy 
10,000  inbabitauts.^ 

Russia. — The  total  number  of  blind  in  Russia,  Poland,  and  Caucasia, 
according  to  the  census  returns  of  1886,  ^-as  189,909  in  a  general  population 
of  about  100,000,000  ;*  but  the  average  varied  considerably  in  the  different 
provinces,  and  was  much  greater  in  the  country  than  in  the  citieB,  and  in  the 
northeastern  hali'  of  Russia  than  in  the  southwestern. 

The  Blind  in  RuBnc^—Otntw  of  1886. 


European  Russia 
Poland  .... 
Caucasia    .    .   .   . 

Average    , 


Number  of 

Blind  to 

10,000 

Inhabitants. 


Fenontenih 

merated  to 

OneBUnd 

Pezion. 


476 

1420 

667 


500 


Number  of  Blind  to  Ten  Thousand  InhabUants. 


£urr>I>ean  Russia  .   .   . 

Poland 

CHUcu.'>ia 

Entire  Kussiun  Empire 


In  the 
Countij. 


RELATION  OP  CLniATE  TO   BLINDNESS. 

The  exact  oliniat'K?  jx*cMiliariti(«,  if  any,  which  conduce  to  the  causation 
of  hliiulncss  have  not  yet  been  definitely  determined.  Blindness  is  more 
fref|uent  in  hot  than  in  temjx^rate  and  cold  countries,  and  on  the  sea-coast 
than  in  elevatal  districts.  Sormani  found  the  proj)ortion  of  blind  largely 
increastHl  in  the  maritime  regions  of  Italy,  and  Dumont  has  found  thosanie 
in  France.  In  Belgium,  the  coast  shows  the  hirg(»st  (9.67  per  10,000)  and 
the  southern  hilly  provinces  the  smallest  proportion  (5  and  6.16).  Switzer- 
land has  a  remarkably  small  proportion  of  blind  (7.61),  whilst  the  equally 
mountainous  Norway  jx)ssc^sses  a  very  large  proi>ortion. 

The  r(»fl(vted  light  of  the  sun  in  the  warm  climates  of  the  south  and  the 
glnre  of  the  snow  in  the  cold  climates  of  the  north  ait*  probably  important 
factors  in  the  production  of  blindness.  Dust  and  strong  winds  are  also 
climatic  factors,  and  the  s(|ualor  and  loose  habits  of  life  which  prevail  in 
hot  countries  and  in  sea-coast  towns  favor  the  spread  of  c^ontagious  eye- 
atlections  which  have  blindness  for  their  frequent  sequel.  It  is  by  no 
means  ct^rtain,  however,  that  an  individual  placed  under  favorable  hygienic 
conditions  and  properly  i>rotected  from  harmful  surroundings  would  run 


>  Schacfer,  Ein  Beitrag  zur  BUndenstatistik,  Kiel,  1898. 
» Ibid. 
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greater  risks  in  regard  to  his  sight  in  a  hot  than  in  a  cold  country,  oral  the 
sea-side  than  io  the  valley.  Nor  are  particular  eyc-di senses  confined  to 
certain  wumtries.  Epidemic  trachoma  used  to  l:>e  thought  to  be  peculiar  to 
Egypt  and  Arabia,  but  it  is  now  known  to  prevail  more  widely,  and  to  be 
fijund  in  Sweden  and  in  Ireland  as  well  as  on  the  borders  of  the  Nile. 

The  vastly  larger  proportion  of  eases  of  blindness  observed  in  hot  and 
cold  than  in  temperate  countries  has  led  Zeune  to  tVirninlate  a  law,  according 
to  which  the  proportion  of  cases  of  blindness  is  less  in  the  tcni].)erate  than 
in  the  frigid  zone,  and  rapidly  increases  in  the  torrid  zone  as  the  ec|nator 
is  approached*  His  statistics  give  approximately  the  following  distribution 
of  blind  to  population  : 

Between  ^O*'  and  3(P  of  latitude  ....  1  blind  in  every  100  of  population. 
Between  30*  and  40°  of  ktitud©  ....  1  blind  in  every  300  of  population. 
Between  40''  ntid  50**  of  latitude  ....  I  blind  in  every  800  of  popu!iition> 
Between  50*  and  60*  of  latitude  ....  1  blind  in  every  1400  of  pt^pulution. 
Between  W  and  70*  of  Utitud©  ....  1  blind  in  ©?ery  1000  of  j>opulation. 

A  study  of  the  statistics  of  the  individual  countries  does  not  show  an 
entire  conformity  to  this  law.  Thus,  Norway  has  13,63  blind  jxt  10,000, 
and  Finland  22.45 ;  whereas  Sweden,  which  lies  Ijetween  them,  has  only 
8.05.  Nevertheless,  the  general  truth  remains,  that  blindness  is  more 
common  in  the  frigid  and  torrid  tJiau  in.  the  temperate  zones. 

If  the  United  States  be  divided  into  three  areas  according  to  latitude, 
the  first  comprising  all  the  territory  l>elow  tlie  thirty-fifth  decree  of  latitude, 
tlie  sieeond  the  area  between  the  thirt}'-fifth  and  fortieth  degrees,  and  the 
thirtl  the  area  above  the  fortieth  degree,  we  find,  as  [lointefl  out  by  Howe,* 
that  there  is  a  constant  increase  in  the  proportion  of  the  blind  to  the  lK>pu- 
lation  as  we  |>ass  from  tlie  north  to  the  south. 

In  the  first  (or  nurtberly)  range  the  proportion  of  the  blind  to  every 
100,000  inhabitants  is    ....... 66.7 

In  the  second  (or  middle)  mnge  the  pmportion  of  the  blind  to  every 
100,000  iiihubitiinta  is 77.8 

In  the  third  (or  southern)  range  the  proportion  of  the  blind  to  every 
100,000  inbabitiintd  is .    .    .    , 92.1 

This  is  in  accord  with  the  aforementioned  law  formnlated  by  Zeune. 

If  the  United  States  be  divided  accordin*^  to  h>ngitnde  into  three  groups, 
eaeh  inehiding  ahont  fifteen  degrees,  we  find  that  the  ]>ro|jortion  of  blind- 
ness deereiises  as  we  pass  from  the  east  to  the  west.  In  this  division  the 
first  gronp  of  States  lies  between  the  Atlantic  Oeean  and  the  Mississippi 
River,  the  sei*i>nd  extends  from  the  Mississippi  River  ttJ  the  Rocky  Moon- 
tains,  and  the  third  from  the  Kocky  Mountains  to  the  Pacific  Ocean. 
Aceortling  to  the  census  of  1890, 

Id  the  eastern  ^roup  there  are  SO  blind  Ut  each  100,000  inbabitont^ ; 

In  the  middla  ^>up  there  are  76.2  blind  U>  each  100,000  inhubitantfl  ;  and 

In  the  WPfttem  group  there  are  40,8  blind  to  each  100,000  inhabitants. 

^  TmiiMCtions  of  the  Amencan  Uphtbalmological  Society,  1887. 
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These  figures  show  that  the  greatest  proportion  of  blindneaB  is  nearest 
the  centre  of  density  of  popuLition,  and  also  nearest  that  portion  of  the 
country  where  immigration  would  be  apt  to  exercise  the  greatest  influence 
upon  the  native  population. 

While  the  above  figures  show  a  uniformity  for  large  groups  of  States^ 
a  like  uniformity  does  not  obtain  for  the  individual  States  forming  these 
grou}is,  or  the  counties  composing  these  States.  According  to  the  census  of 
189<Kthe  proportion  of  blind  was  greatest  in  the  following  widely  separated 
States,  and  in  the  order  given  :  New  Mexico,  Vermont,  Kentacky,  Virginia, 
Tennessee,  Arkansas,  and  Maine ;  and  while  New  Mexico  has  a  ratio  of 
209.6  per  100,000  of  population,  the  adjoining  State  of  Colorado  has  a  ratio 
of  only  45.9,  and  Arizona  of  47.  Maine  has  a  ratio  of  101.7,  Vermont  of 
131.8,  while  Massachusetts  has  but  82.4  and  Xew  York  but  73.2.  The 
differences  in  the  ratios  in  the  several  States,  aooording  to  the  Census  Report^ 
*^  are  in  part  due  to  differences  in  the  proportion  of  persons  of  advanced 
age  in  the  population,  in  part  to  previous  epidemics  of  eruptive  fevers  in 
certain  localities,  and  in  ])art,  perhaps,  to  heredity  in  certain  fiimilies.'' 

In  the  United  States  the  blind  show  no  tendency  to  collect  in  the  laige 
cities.  In  the  cities  of  50,000  inhabitants  and  upward  the  aggregate 
number  of  blind  was  6272,  which  is  in  the  ratio  of  535  per  million  of 
population,  and  is  about  thirty-three  per  cent,  below  the  average  rate  for  the 
whole  country.  This  indicates  that  not  only  is  there  no  tendency  for  the 
blind  to  wllect  in  the  large  cities,  but  that  the  largest  proportion  of  the 
blind  to  tlie  population  is  found  in  the  small  towns  and  rural  districts.  ' 
The  figures  previously  quoted  show  the  same  to  be  true  of  Russia. 

RELATION  OP  AGE  TO   BLINDNESS. 

Accordiiiir  to  Mai^uus,*  the  first  five  years  of  life  present  the  greatest 
danger  of  loss  of  sight. 

From  the  fitUi  to  the  twentieth  year  tlie  danger  is  relatively  smallest. 

From  the  twentieth  to  the  filHetli  year  the  danger  constantly  increaises, 
but  not  in  progressive  pro{>ortion. 

From  the  fiftieth  to  the  sixtieth  year  the  liability  to  blindness  rapidly 
increases. 

From  the  sixtieth  year  this  liability  apjiears  to  diminish. 

In  early  childhood  the  danger  of  injury  to  sight  by  traumatism  is  very 
great,  and  in  233  iiises  of  blindness,  Si^idelmann  iias  found  40,  or  seventeen 
per  cvnt.,attributiible  to  injuries  caused  by  playthings.  A  large  proportion 
of  the  blind  from  accidents  or  various  other  causes  lose  their  sight  during 
adult  age,  especially  between  the  ages  of  forty-five  and  sixty-five. 

The  British  Royal  Commission  on  the  Condition  of  the  Blind  (1889) 
estimates  the  average  age  of  the  blind  as  forty-nine,  and  the  average  com- 
mencing age  of  blindness  as  thirty-one  years. 

Of  the  50,411  cases  of  blindne&s  noted  in  tlie  United  States  census  of 

1  Die  Blindheit,  ihrc  Entstehung  und  ihrc  Verhutung,  Brcslau,  1888,  s.  240. 
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1890,  tixe  age  at  which  Ijlindnens  o<x"iirro<l  was  nut  reported  in  5790  ;  of  the 
remainiog  44,621,  the  age  at  which  bliodDess  came  on  is  shown  in  the 
following  tiible  : 

Age  oi  which  Biindrieu  occurredr^UM.  Ckii9m  of  1890, 


Sex. 

At  Birtb. 

Uuder 
1  Vear. 

1-4. 

6-10, 

Ifr^m 

2CK0. 

SO  Yean 
and  over. 

Males 

2346 
1921 

712 

1349 

1191 

1876 
1206 

2192 

1660 

8,832 
4,743 

8,409 

Females 

8,526 

ToUil     ...,..., 

4267 

1881 

2540 

2582 

8842 

13,076 

16,934 

The  following  table  shows  for  each  KMX)  blind  for  whom  the  age  when 
blindtiess  occurred  is  known,  the  number  in  which  it  oceurred  at  certiiin 
ages: 

Age  at  which  Blmdaess  oc^rred  per  One  T/wmand  Blbui — LIS,  CsMUt  of  1S90, 


Sex. 

Birth, 

Under 
lYeiir, 

1-6. 

6-10. 

10-20. 

20-50. 

50  Yean 
&[id  over. 

Males 

94.92 
96,51 

1     28.81 
83.61 

54.68 
59.88 

65.67 
60.59 

88,69 
82.89 

837.11 
238.28 

840.22 

Females , 

428.29 

Total 

95.63     1 

30.95 

66.92 

57.87 

86J0 

298.02 

879.61 

The  following  table  shows  the  age  at  which  blindness  came  on  in  the 
5341  cases  embraced  iu  the  census  of  Ireland  of  1891 : 


Age  at  which  BUndrm^  occurred— Chw44  of  Ireland^  1S9L 

Ate. 

Number  of 
CMea. 

Per  Cent. 

Cunijeriital , 

280 
320 
269 
286 
269 
296 

2m 

258 
237 
258 
256 
296 
812 
364 
826 
299 
260 
149 
76 
27 
288 

6.24 

Undur  5  jeara *.....,. 

Fmm    5  Ut  10  yean , . 

5.99 
5  04 

Fnmi  10  i<>  15  years    , *   .   . 

6.34 

Frnin  l^i  to  20  venrs !••.•. 

5.04 

From  20  to  25  vt^tAfs        

5.54 

Fn»m  25  to  30  veiin 

4.98 

From  30  to  ^5  years .... 

4.83 

From  35  to  40  years    . , 

4.44 

From  40  to  45  v»»ar8    ..        ..•*.*....*.       «•». 

4,88 

From  45  to  50  yeflrs «».,.« 

4  79 

Froio  50  lo  65  yt'ari* 

5.54 

From  55  to  (>0  vtian 

5.84 

From  HO  to  fi5  yean 

6.82 

Fnuii  65  to  70  ve*kn 

6.10 

Fr'^m  70  to  75  yean    .,..»., 

6.60 

From  75  to-  80  yean    ...••....» 

4  87 

Fnmi  HO  to  K5  yean    ...,,,. ,,*.., 

2.78 

Fr<im  H5  i<i  90  yean    .    , 

L42 

90  yf^nr;*  and  upward 

Un:^pe<-itted 

0.51 
4.46 

Totiii 

5S41 

100  00 
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Ther|uinqiit*Diiial  |icriod  at  which  the  greatest  uumberof  cases  of  blind- 
ness occurred  in  Ireland  was  from  sixty  to  sixty-five  years,  but  in  the  ceMiis 
of  1881  it  was  the  period  from  sLxty-five  to  seventy  yearn, 

Zehi'nder*  gives  the  following:  table  of  the  age  at  which  blindoe^ 
occurred  in  513  biiod  persons  in  the  Duchy  of  Mecklenburg: 

A^€  at  which  Blindnen  occurred  in  Mteklenburg. 


CMe& 


Born  blind 

Bwiiriie  blind  in  fir^t  year 
From    1  to  ID  yeai^  /  .    . 
Frttni  II  t^t  20  years  ,    . 
From  21  Uy  30  years  .    . 
Fn>m  iM  to  40  yeurs  .    ,    , 
Froni  41  to  60  years 
Froin  51  lo  f»0  yea  re  ,    .    . 
Fn>ni  61  to  70  years  «    .    . 
From  71  to  80  yeans  .    .    . 
From  81  to  90  ye^re  .    .    . 

Over  90  yenrs 

Age  not  given    .    ,    ,    .    . 


29 


hn 


RELATION  OF  SEX   TO   BLINDNESS, 

More  cases  of  blindness  are  found  among  males  than  among  females* 
Acconling  to  the  United  States  c^ensns  of  1890,  one  in  every  1142  males 
was  blind  and  one  in  every  1359  females,  anil  for  each  1000  blind  tliere 
were  555  males  and  445  temales;  in  1880  the  convsi>onding  Hgiires  were 
647  males  and  453  females.  For  the  congenital  blind  in  1890,  the  figures 
were  550  males  and  450  females.  The  pmportion  of  blind  among  tie 
males  in  the  Unite*!  States  is  alx>ut  the  average  which  prevaib  at  the 
present  time  in  the  principal  countries  of  the  world,  but  the  proportion  of 
blind  among  tlie  females  is  de<::idedly  below  the  avei*age. 

In  England,  according  to  the  census  of  1891,  one  in  ever}"  1144  males 
was  blind  and  only  one  in  every  1336  females,  and  in  each  of  the  five  |>re- 
ceding  censuses  in  which  aectmnt  of  the  blind  has  bec*n  taken  the  same  pre* 
jxinderanct^  of  blindneas  among  males  has  been  foinid  ;  and  this  proj)ortion 
appears  natural,  as  in  most  parts  of  America  and  Eumpe  more  boys  are  born 
than  girls,  and  males,  by  their  occupation^  are  moi'e  expensed  than  females  to 
accidents  which  result  in  loss  of  sight.  This  rule,  howev^erj  is  not  uniform, 
as  wnll  be  seen  l>y  examination  of  the  accompanying  table,  taken  from  the 
United  States  Census  Reixjrt  of  1891,  from  which  it  will  be  observed  that 
in  the  northern  countries,  where  the  proportion  of  the  blind  is  increased,  die 
relation  is  reverseil,  and  the  larger  proportion  of  tuses  among  females  heir 
found  is  difficult  to  explain.  It  is  curious  to  not-e,  too,  that  this  preponder- 
ance of  blindness  among  females  is  also  found  in  Ireland,  aocording  to  tbe 
census  of  1891  and  previous  enumerations.    In  this  respect  Ireland  agrees 


■ 


^  Klin.  Monateblatter  fur  Augenhk.,  1870,  u.  277-879. 
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with  Finland  and  the  SoandinaviaD  conntries  in  the  north  of  Eurt>j>e,  The 
laiat  ti'nsns  of  Ireland,  however,  shows  a  slight  ditninution  in  the  propartioa 
of  females  compared  with  the  returns  of  the  three  preceding  eeiLsuses^ — viz. : 

Census  of  1861 100  males  to  118.4  te£ixalG«, 

CensuH  of  1671 100  muk'S  to  liO.O  fetniilefl. 

Census  of  1&81 ♦ ILK)  miileii  ta  111.5  females. 

CenjsUB  of  18in 100  males  to  107.3  fenmleB. 

The  average  proportion  for  the  past  four  deeades  is  100  blind  males  to 

111,8  blind  females. 

Blind  per  Million  qf  Each  Sex^ 


Country. 

HAlev, 

FemiUe&. 

Coimtty. 

MeIcb. 

FetoAloa. 

Unht'd  Stttte^   ,    .    .    .    . 

876 

786 

Denmark 

6o5 

743 

E 11^  I  mid  imd  Wales    .   . 

B73 

748 

Sweden 

70<» 

842 

Scotljind 

720 

662 

1     Norwav 

1313     1 

1411 

IitjUini  ,...»... 

1109 

1160 

Finland     ,...., 

1514 

2987 

11u8hIil 

846 

817 

Ici'laiid 

3504 

1773 

Bttvima 

822 

822 

Itiilv  .        ...... 

851 

686 

Sftxony  ...»,..» 

790 

706 

Newfoufidland     .    ,    . 

1226 

996 

Au^triu  , 

779 

655 

520 

817 

Hungnrv 

1329 

1334     1 

Novfi  StH^ftiu 

561 

566 

FmiiLH^    *.,,.... 

845 

6i*n 

Jamuica     ,...,. 

2613 

2968 

Belgium    ...**,. 
Hollmid 

981 

640     1 

liarbadnea ...... 

1701 

1433 

499 

398 

ArgeDline  Republic    , 

2134 

1907 

As  a  rule,  the  number  of  blind  males  exeeeils  that  of  females  at  all 
ag€«  up  to  sixty  yeara,  after  which  [x^riod  the  females  outnumber  the  males 
at  like  agt^?;.  In  the  United  States,  liowever,  aeeording  t<»  the  census  of 
189U,  it  is  not  until  the  quinquennial  period  of  eighty  to  eighty-five  ia 
reaehed  tliat  the  females  outnumlK^r  the  males. 

THE   CAUSES   OF    BLINDNESS. 

In  50,411  casfSB  of  double  blindness  enumerated  in  the  Eleventh  United 
States  Census,  the  cause  of  blindness  was  unknown  in  14,4r56.  Of  the  re- 
maining 35,955  eases,  the  eause  was  giveu  as  follows : 

Ihhk  of  Ca^itteM  of  Blhidness —  U.S.  Ckmus  of  1S90. 


Cause. 

Total. 

Per  Cenl. 

Hales. 

Femal«a 

Congenital . 

4267 
545S 

7J34 

4876 

1822 

448 

1213 

666 

880 

2860 

300 

168 

82 

6738 

743 

11.87 

16.17 

1984 

13.66 

5.07 

1.26 

8,87 

1.65 

2.47 

6.68 

.68 

.44 

.23 

16.06 

2.07 

2346 
2W73 
6618 
2447 

886 

260 

037 

253 

476 

looti 

90     1 
121 

42 

2604 

743 

1021 

Disease  of  the  eye  itaelf . 

2482 

Injury    ,    ,        

1516 

Catftnuit 

2428 

Scfofii  1a  Mid  other  blood -diseases 

Small-fjox , ,   ,    . 

987 
179 

General  fever    .    .        

Scarlet  fever         ..,,.,.. 

676 
308 

Measles  .        .        

Brdtin-di^ease     ,    .    .    .    » 

418 

1360 

Glaucoma , 

110 

Diaeaae  of  one  eye  following  injury  of  the  other  eye  , 
Cancer   .    .    .    .    ♦ .   ,   .    . 

37 
40 

All  other  catiBea 

3234 

BeeuUing  from  military  iervice , 
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It  will  be  seen  from  the  preceding  table  that  19.84  per  oent.  of  cases  ( 
blindnc-tss  from  known  causi'S  were  due  to  injury,  and  that  the  proportia 
due  to  this  cause  was  much  greater  among  males  than  among  females ;  als 
that  the  projiortion  of  eases  which  were  congenital  or  due  to  disease  of  the' 
eye  itself,  to  cataract,  to  small-jmx,  to  fevers  (except  scarlet  fever),  and  to 
measles,  was  greater  among  males  than  among  females ;  while  the  propc»rtioD 
of  cases  due  to  scrofula,  i^t-arlet  fever,  diseases  of  the  brain,  aod  glaucoma 
was  greater  among  females  than  among  males. 

Statements  as  to  the  eaiises  of  blindness  obtained  in  the  usual  course 
of  a  census  enumeratiuu  are  not  sulBcieutly  acinirate  for  trustworthy  deduce 
tions.  To  he  available  for  such  purpose^  the  report e<i  cause  of  blindnest^  in 
each  case,  b<_*fore  acceptance,  should  be  confirmed  by  an  examinatiou  bran 
ophthalmologist.,  and  in  many  cases  of  long  standing  it  is  very  difficult,  or 
even  iuiputfsiblcj  to  ascertain  the  real  cause  even  in  tliis  way.  Hence  the 
reliable  statistics  of  the  i^iiscs  of  blindness  in  bc>th  eyes  which  have  as  yet 
bet^n  pid)lished  embi*ace  but  a  relatively  small  number  of  cases,  and  for 
the^^  we  arc  <'hiefly  indcbtt^il  to  Magnus  in  Germany,  Trousseau  in  France, 
and  Oppeuheimer  in  ttie  Uuitetl  States. 

As  regards  the  anaiomical  seat  of  the  disease  causing  blindness  in  both 
eye^,  Magnus* gives  the  following  table  based  upon  1037  cases  observed  I 
von  Landesl>erg,  Bremer,  and  himself: 

Anaiomkal  Seat  qf  the-  Duease  causing  BHndmu, 


Optic  nerve 

Uveal  triMit  ..».., 

Ketinft 

Conjunctiva 

Cornea . 

Conicenital  malformation 

Unci  aflfli  tied 

Glaucoma     ..,,,. 


From  this  table  we  learn  that  the  optic  nerve  and  the  uveal  tract  ai 
the  parts  of  the  eye  dii^ease  of  which  tends  most  frequently  to  blindnessfl 
after  thera  come  the  oonjuuctiva,  the  retina,  and  the  cornt^. 

For  tlic  purjiose  of  the  study  of  the  devfiopment  of  blindnem^  Mag^Qi 
has  arrauged  his  collection  of  an'ui-ately  observed  cases  into  two  classes^ 
I.,  congenital  blindness ;  11. ,  aoqiiired  bliuduess ;  and  the  latter  class  he  sal 
divides  int^»  three  gronjKS,— 1,  lilinduess  from  primary  idiopathic  diseases 
the  eyes  ;  2,  bliutbiess  from  traumatism  ;  and,  3,  blindness  from  disease5?i<i 
the  eye  following  upon  general  disc\xses  of  the  body. 

In  addition  to  his  own  770  cases,  Magnus^  has  rjoUocted   from  oiIj 
reliable  German  sinirtrs  and  talndatal  2528  casc^  of  double-fiuled 
ness,  as  follows : 


>  Loc.  dt,  «.  93. 
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Magnus's  Table  of  ^528  Cases  of  Blindness  in  Oermany, 

I. — Cmigenital  Blindness. 

CftS68«  P6r  Cent* 

Anophthalmus  and  microphthalmus     27  1.068 

Megalophthalmus 11  0.486 

Cataract 8  0.119 

Choroiditis 4  0158 

Atrophy  of  the  optic  nerve 19  0.761 

Retinitis  pigmentosa      19  0.761 

Amaurosis  from  retinal  atrophy 2  0.079 

Anomalies  of  the  cornea 6  0.198 

Tumors 1  0.089 

Undetermined  forms  of  amaurosis 6  0.237 

Total 97  8.886 

//. — Blindness  due  to  Idiopathic  Diseases  of  the  Eyes. 

^                          '^            ^  Caaes.  Percent 

Ophthalmia  neonatorum 275  10.876 

Trachoma  and  ophthalmia 240  9.492 

Diphtheritic  conjunctivitis 9  0.856 

Disease  of  the  cornea 204  8.068 

Irido-choroiditis,  cyclitis,  iritis 224  8.860 

Myopic  choroiditis 24  0.949 

Choroiditis,  retino-choroiditis 28  1.107 

Retinitis  pigmentosa 82  1.266 

Hemorrhagic  retinitis 8  0.119 

Neuro-retinitis 20  0.791 

Detachment  of  the  retina 120  4.746 

Glaucoma 227  8.978 

Atrophy  of  the  optic  nerve 196  7.751 

Tumor  of  the  eye  or  orhit 9  0.856 

Undetermined 85  8.362 

Total 1696  67.077 

///. — Traumatic  Blindness. 

Cases.  Per  Cent 

Direct  injuries 102  4.084 

Unsuccessful  operations 49  1.988 

Injuries  of  the  head 7  0.277 

Sympathetic  ophthalmia 114  4.509 

Total 272  10.758 

JV. — Blindness  due  to  General  Diseases. 

Cases.  Per  Cent 

Syphilitic  eye-disease 12  0.470 

Gonorrhoeal  conjunctivitis 28  0.910 

Scrofulous  eye-disease 1  0.039 

Irido-choroiditis  from  meningitis 86  1.424 

Atrophy  or  cerehral  optic  neuritis 176  6.961 

Spinal  optic  atrophy 69  2.888 

Atrophy  or  optic  neuritis  after  hsematemesis  ....  10  0.896 

Atrophy  from  vomiting  without  hemorrhage  ....  2  0.079 

Atrophy  after  hemorrhoidal  bleeding 1  0.089 

Atrophy  after  facial  erysipelas 2  0.079 

Atrophy  of  the  insane 1  0.089 

Atrophy  of  epilepsy 4  0.168 

Atrophy  after  dysentery 2  0.079 

Nephritic  retinitis 5  0.198 

Diseases  of  the  eye  after  typhoid  fever 24  0.949 

Diseases  of  the  eye  after  measles 16  0.688 

Vol.  II.— 28 
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Magnui^s  Table, — Ck)ntmue(L 

Diseases  of  the  eye  after  scarlet  fever 18  0.514 

Diseases  of  the  eye  after  smalUpox 56  2.216 

Diseases  of  the  eye  after  various  exauthems     ....  6  0.235 

Diseases  of  the  eye  after  heart-disease 1  0.039 

Diseases  of  the  eye  in  pregnancy  or  childbed  ....  11  0.431 

Intoxication  amaurosis 1  0.039 

Blindness  from  disease  of  the  orbit 1  0.089 

Total 468  18.299 

Trousseau  *  has  collected  the  statistics  of  the  Hospice  des  Quinze-Vingta 
for  a  period  of  ten  years,  and  the  record  embraces  625  carefully  observed 
caseS;  tabulated  in  the  order  of  frequency  of  their  causes,  as  follows : 
Trous9eau^8  Table  of  625  Cases  of  Blindness  in  France, 


Males. 

Females. 

TotaL 

Percent 

Atrophy  of  the  optic  nerve. 

Medullary 

88 
20 
27 

21 
12 
16 

54 

82 
43 

Cerebral 

Various  or  undetermined 

Purulent  ophthalmia. 

Congenital 

80 

15 
85 
10 

49 

14 

20 
7 

129 

29 
55 
17 

20.64 

Children 

Adults 

Irido-choroiditis. 

Post-operative 

60 

20 
20 

7 

41 

10 

8 

10 

101 

80 

28 
17 

16.16 

Intra-ocular  causes 

General  causes 

Glaucoma       

47 
39 

28 
27 

75 
66 

12.00 
10.56 

Traumatisms 

Various  causes 

28 

18 

8 

8 
0 
2 

81 
13 
10 

Blasts 

Burns 

Affections  of  the  cornea. 

Diuthetic    ..        

44 

10 

10 

4 

1 

10 

11 
4 
4 
0 

54 

21 

14 

8 

1 

8.64 

Variola 

Measles 

Tvphoid  fever 

Detachment  of  the  retina. 

Myopic       

25 

9 
2 
6 

19 

11 
2 
7 

44 

20 

4 

18 

7.04 

Traumatic 

Undetermined  causes 

Trachoma 

17 
19 

20 
6 

87 
24 

5.92 
8.81 

Retinitis  pigmentosa. 

Unknown  cause 

11 
4 
0 

7 
I 
0 

1$ 

m 

Hereditary 

Consanguineous 

16 

8 

»  Archives  d 'Ophthalmologic,  1892,  xii.  p.  218. 
statistics  of  627  cases,  but  his  tables  add  up  only  625 
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H                                                    TVausieau'i  Table. --^Contmned.                                                         ^H 

Xal^ 

ttmtXm, 

Total. 

Per  Gent.                  ^^| 

^^V  'OhoToido- retinitis «^. 

12 

8 

20 

2.24                  ^M 

:  1 

^m      SvmpaUietie  oDhthalmb     .    .    , * 

10 

4 

14 

^H       MvoDic  sclero-choroiditifl    >...^.i> 

8 

1        6 

14 

^H       Congenital  cataract. 

^^ft             Without  muse  ....•.«»..#..., 

6 

a 

0 

4 
1 
0 

10 
4 
0 

^^1              FVT'^rliitirv       ,    .    I    .    •    I    ,    ■    <    <        .11 

^^1             ConRAnguin(K>iLs                           *.. 

,            Buphthalmitt .    . 

9 
3 

5 
2 

14 
5 

^B       Ontift  nPiiritiR 

2 

1 

3 

Conical  cornea       . ...... 

0 

2 

2 

Grand  totiil .*..,. 

390 

235 

625 

100.00                   ^H 

In  order  that  a  comparisoD  iriay  be  made  with  the  table  of  Magnus,  we           ^H 
have  recast  the  table  of  Trousseau  as  follows :                                                           ^H 

TVmmeau^s  St^tHaHcs  of  625  OiM^  of  Blindness  in  Frunee,                                      ^H 

Male& 

Fematei. 

TolaL 

Per                         ^^M 

I. — Congenital  blind ne^^a. 

Cansienittil  ciitartict  » t    .    ,    . 

9 

a 

5 
2 

14 
5 

Buphlhalmia ..,.., 

II,— Blindness  due  to  idiopathic  diseases  of  the  eye. 

Atrophy  of  the  optic  nerve 

BlennorrhfCH  puruleota ,    .    .    , 

12 

27 
60 
20 

15 

19 

15 

12 

8 

2 

0 

7 

Ifi 

41 

8 

27 

IS 

5 

8 

8 

1 
2 

19 

48 

101 

28 

66 

33 

24 

23 

20 

14 

8 

2 

IridfvehnroiditiB    ...» 

Gliiucnmii   » •    ,    . 

Detach ment  of  the  retina 

TrachoruB  .    .        , ,    .    .    ,    . 

Retinitis  pjpjmenttKsa , 

ChoPfjido-retiriitia.    .            

Myopit^  Pck-TO-choraiditis 

Optic  tit'uritis 

Conical  cornea 

I IL— Traumatic  hlindnesa. 

Injury 

Unj*ucf*Piifirul  opf*mtinns »    .    , 

217 

20 
10 

140 

12 

10 
4 

857 

58 
80 
14 

102 

Sympathetic  ojjhthalinia 

IV.~Blindnes8  due  to  general  diaeaaea 

76 

26 

85 

62 

147 

The  principal  causes  of  blmdness,  acct>rdm^  to  Trousseau's  statistics,  are,            ^H 
t          in  order  of  diminishing  frequency,  as  foUoAvs :                                                            ^H 
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Atrophy  of  the  optic  neire, 
Purulent  ophthalmia. 
Iridi»-choroiditis. 
GUiucuma, 
Traumatisms, 
Affections  of  the  cornea. 
Detachment  of  the  retina. 
Trachoma. 


Betinitis  pigmentosa, 
Choioido-rednitis, 
Sympathetic  oj^tbalmia. 
Myopic  sdero-choioiditis, 
Congenital  cataract, 
Buphthalmia, 
Optic  neuritis, 
Conical  cornea. 


This  order  corresponds  in  the  main  with  that  given  by  MagnoSy  who 
has  shown  that  the  ocular  diseases  most  to  be  feared  as  causes  of  blindneaB 
are,  in  order  of  diminishing  freqiiencv, 


Atrophy  of  the  optic  nerve, 

Purulent  ophthalmia^ 

Trachoma. 

Glaucoma, 

Irido-<.>hon>iditis, 


Affections  of  the  cornea, 
Detachment  of  the  retina, 
Traumatisms, 
Choroido- retinitis, 
Congenital  affections. 


In  com})ariug  these  statistics  we  do  not  find  absolute  agreement  in 
tlie  two  series.  They  unite  in  showing,  however,  the  extreme  harmful 
frequency,  first,  of  |>apillary  atrophy  and  of  purulent  ophthalmia,  and, 
sectnully,  of  glaucoma  and  of  irido-clioroiditis. 

Trousseau's  fij^ures,  too,  throw  some  light  on  the  subject  of  irido- 
chon.>iditis  and  of  optic  neuritis.  Irido-choroiditis  often  conceals  other 
alterations  of  the  eye ;  it  accompanies  cataract  or  pupillary  obstructions 
which  hinder  examination  of  the  deeper  tissues  of  the  eye ;  and  it  may  be 
the  rt'sult  of  ojx^rativo  interventions.  The  investigator  is  thus  reduced  to 
suppositions.  The  fiirures  indicated,  tlieu.  should  Ik?  diminished,  and  the 
[virt  subtracted  addeil  to  other  diverse  atfections,  esixxMally  to  detachment 
of  the  retina. 

It  is  evident  tliat  more  than  three  of  the  627  blind  examined  by 
Trousseau  had  had  optic  neuritis,  but  the  wirlicr  condition  was  not  easy  to 
establish.  Many  atrophies  of  the  {papilla  aiv  evidently  due  to  old  neuritis, 
and  these  have  Ikx^u  tabulated  under  the  headings  of  their  several  causes. 

Tlie  general  dis^nisi^  most  latid  to  the  sight,  according  to  Trousseau, 
are,  first,  the  nervous  diseases,  es|KKMally  tabes,  syphilis,  and  the  eruptive 
fevers  of  cliildluxKl,  measles  esi)ecially  favoring  the  evolution  of  the  scrofu- 
lous diathesis. 

Congenital  diseavSes  do  not  cause  a  great  number  of  cases  of  blindness. 

Myopia  and  the  traumatisms,  aggravated  by  sympathetic  ophthalmia, 
always  remain  frequent  causes  of  blindness ;  and  the  contagious  affections, 
purulent  ophthalmia  and  trachoma,  are  res{K>nsible  for  a  very  large  pro- 
portion of  cases. 

Schaefer*  states  that  the  causes  of  blindness  in  Russia,  following  the 
grouping  of  Magnus,  were,  according  to  the  last  census,  as  follows : 

»  Op.  cit,  8.  10. 
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The  (hme$  qf  Biifidnesi  in  Muttia, 


Per  Cent 

Males. 

Females. 

I.— Congenital,  or  blind  ioon  after  birth 

II. — Blindnees  due  to  idiopathic  diseases  of  the  eye 

Ill* — Tmimmtisms  . 

8. 
6L2 

6.6 

6.7 

55.9 

0.8 

IV. ^Blindness  due  to  general  diseases    ..,,,*,,..,... 

24.3 

Other  causes .,,.,.»*        

7.1 

Uiiknowu  cauiies »   , 

5.2 

The  only  published  American  statistic^s  dealing  with  any  considerable 
nnmbor  of  cases  are  those  of  Dr.  Henry  S.  Oppenbeimer^'  Imsed  upon  his 
examination  of  the  adult  blind  poor  of  the  eity  of  New  York  who  eame 
before  him,  m  the  official  examiner  of  the  city,  to  obtain  a  grant  from  the 
fund  divider!  among  the  poor  blind  adults  who  endeavor  to  maintain  them- 
selves without  beiMiming  inmates  of  public  institutions.  OpiK'uheimer's 
statistics,  as  publishetl,  in  many  cases  relate  to  the  number  of  eyes  ratlier 
than  to  the  number  of  patients,  and  are  therefore  not  properly  comparable 
with  the  statistics  which  have  heeu  already  cited.  His  original  notes  are, 
uniurtnnately,  destroyed^  but  he  has  carefully  gone  over  his  figures,  and  has 
kindly  furnished  us  with  the  following  revised  statistics,  which  form  a 
basis  for  cx>mimrison  with  the  foiieign  statistics  already  eitt^l. 

Oppeuheirner*s  statistics  are  Ija&eiJ  upon  572  cases,  of  which  304  were 
males  and  268  females.  226,  or  39.58  per  cent.,  were  natives  of  the  United 
States,  and  340,  or  60.42  i)er  cent.,  were  of  foreign  birth.  Of  the  latter, 
29,  or  8.4  per  cent.,  were  blind  when  they  arriveil  in  this  country,  and  51, 
or  14,78  per  cent.,  became  blind  w^ithiu  five  years  aller  their  arrival. 

Oppenheimcr  has  elassifietl  his  cases  of  blindness  under  the  four  heads 
adopted  by  Magnus,  as  follows : 

Opp€nhdm€r*8  SUitktifi  of  572  Cases  of  BUndnem  in  the  United  States^ 

L — Cfrngetiiial  Bliudufsf. 

Caaoi.       Fer  Cent. 

Eetinitis  pigmentosa •    »   .   .       2 

Atrophy  of  the  optic  nerve ,    .    .       5 

Buphthalmia 1 

Congenital  cataract ,    .       8 

Syphilis 6 

ToUd ' 22  8.84 

U. — Blindness  due  to  Idittpaihic  Diseases  of  the  Eifts, 

Caaei.       Per  Cent. 

Atrophy  of  the  optic  nerve 26 

Blcniiorrhrea  neonat**rum 18 

Blerinon*ha»ii  vimlenta  .................  90 

Bleimorrha'tt  ironoirhcjeicft 3 

Cataract,  senile ,   ,   ,   ,   .  47 

Dalrymple'g  disease   *....,,...,..,..,-       I 

*  Tninsflctiona  of  the  American  Ophlhalmological  Society,  1891,  vol.  vi.  p.  156,  and 
pergonal  eommuiiientiori. 
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Oppenheimtf'9  Table, — Ck>ntinued.  ^            «_<« 

Caaea.       Per  CeuL 

Detachment  of  the  retina 8 

Choroiditis  and  iritis 10 

Iritis 6 

Keratitis 4 

Glaucoma — 

Eyes  not  operated 19 

Eyes  operated 12 

Myopia 6 

Retinitis 1 

Retinitis  pigmentosa 8 

Trachoma 28 

Total 276            48.08 

///. — Traumatic  BlindnesB. 

Cases.       Per  Cent. 

Burns 7 

Cataract  operations 82 

Dislocated  lens 1 

Explosions  (blasts,  etc.) 44 

Foreign  bodies 4 

Injuries — 

To  eyes  direct 81 

To  head 19 

Jequirity 1 

Poison-ivy 1 

Sunstroke 1 

Sympathetic  ophthalmia 28 

Total 164           28.67 

IV. — Blindness  due  to  General  Diseases,  _             _ 

Cases.      Percent. 

Diphtheria 1 

Erysipelus 4 

Interrupted  menses 1 

Muluria 1 

Measles 19 

Meningitij5 — 

Cerebnil 26 

Cerebro-spinal 8 

Pertussis 2 

Pneumonia 1 

Pregnancy 1 

RheumHtism 2 

Scarlatina 12 

Sclerosis  (multiple) 2 

Syphilis 9 

Tobacco-poisoning 1 

Tabes 4 

Typhoid  fever 8 

Typhus  fever 8 

Tumor  uf  brain 1 

Variola 15 

Total Ill            19.41 

The  sexes  are  represented  about  equally  in  all  these  diseases,  except  in 
typhus  fever,  tabes,  multiple  selerasis,  and  ineninjritis. 
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For  the  purjwse  of  e<]»raparis<^n,  these  statistics  l^eariug  on  the  causation 
of  bliudoeisiJ  are  groujjed  iti  the  fbllovvicg  table : 

The  Chme9  of  Blindness, 


Okwerrer. 


Magnus  »  . 
Trousseau  .  . 
Oppenheimer 


Congenital 
BUudneiUi. 


Per  Cent 
8.84 
3.04 
8.84 


BltndnesB  due 

to  IdlopiLliiLc 
DUeiu»e  of 
th©  Eyefi. 


Per  Cejjt. 
67.08 
57.12 
48.08 


BUndnesi  due 

to 
TmumattSMB. 


Percent 

10.76 
16J32 
28.67 


Blindnfies  due 
to  Geueml 
Diseases. 


Per  Cent. 
18.30 
23.52 
19.41 


These  combined  statistics  tend  to  show  that  congenital  blindness  pre- 
vails in  about  the  same  proportion  in  Germany,  France,  and  the  United 

States;  that  bUndiiess  from  idiopathic  discloses  of  tlie  eye  is  more  frec|uent 
in  Germany  and  Franee  and  is  less  oilen  met  with  in  the  United  States ; 
that  blindne.^s  from  traumatism  lises  to  a  high  proportion  in  the  United 
States;  and  that  blindness  due  to  general  diseases  is  more  frequently 
observed  in  Finance  than  in  Germany  and  the  United  States. 

I,   CONGENITAL    ilLIXDNESS. 

TJiis  frroiip  int'ludes  both  tiiose  cases  bini  into  the  world  blind  and  those 
born  with  the  ^erms  of  blindness  already  existing  in  the  eyes,  but  the  process 
not  yet  fully  comjvletciL  MagniLs's  general  table  of  2528  cases  shows  97 
cases  of  congenital  blindness,  or  3»83  }>cr  cent.,  which  corresponds  with 
the  3.04  [>er  fH?nt,  given  by  Trousseau,  the  3.7  per  ceut,  found  by  Dumont 
in  the  large  Paris  Blind  Asylum,  and  the  3.84  per  cent*  found  by  Oppen- 
heimer  among  the  poor  of  New  York  City.  In  the  United  States  at  large 
the  proportion  apiM^cU-s  to  be  more  than  double  these  figures.  According 
to  the  census  of  1890,  of  a  total  of  50,411  blind,  4267,  or  8.46  per  cent, 
were  returned  as  tN^ngeuitally  blind.  The  average  proportion  was  %%  per 
million  of  population. 

In  the  etiology  of  congenital  blindness,  a{>art  from  \\b  relation  to  fcetal 
eye-disea,ses,  tfie  question  of  the  influents  of  heredity  and  consanguinity 
demands  tHjnsideration.  In  the  eleventh  United  States  census,  of  43,326 
blind  who  reported  as  to  blind  relatives,  834*2,  or  19,25  i>er  cent.,  had  such 
relatives  ;  while  of  4156  c^mgenital  blind  who  re|K>rte<l  as  to  relatives,  1608, 
or  38.7  per  aait,  hud  such  relatives.  The  pro]iortion  who  tmd  blind  rela- 
tives was  alMUit  twice  as  ^rcat  among  the  congenital  as  among  the  total  blind. 

Heredity, — The  diseases  of  the  eye  which  are  most  fpcrpiently  ti'ans- 
mitttnl  directly  l>y  parents  to  their  offspring  an*  the  various  malformations : 
colobjiua  of  the  iris  and  choroid,  mieropirthalmia,  aniridia,  persistence  of 
the  pupillary  membrane,  congenital  cataracts  and  amblyopias,  nystagmus, 
albinism*  and  retinitis  pigmentosa  ;  and  th(^^^  malformations  may  l>e  tnms- 
mi t ted  in  the  same  or  like  form,  Tims,  aises  arc  retx>rdcd  in  w  hicli  a  father 
bliud  from  ophthalmia  neonatorum  had  two  children  who  wqtq  microph- 
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thiibiiii',  and  a  father  blind  gtince  iniaocv  in  the  right  eye  firotn  irido-cyelitis 
had  a  sou  whus^  ri^ht  eye  was  micnvphthalmtc,  and  there  can  be  no  doubt 
that  there  ex  is  twl  a  (xvniitH^tkm  Ix'tweeii  the  disease  of  the  father  and  that  of 
the  child,  ridcc  Deiiti^ehmanii  lias  nhtaiui^d  similar  results  from  ex|>erjnrieDtd 
upon  rabbits. 

HeniHty  most  often  oc»cui*s  when  the  parents  have  been  attaeked  with 
eye-dis<iise,  either  congenital  or  aet|^oireil,  in  in  fan  ry,  and  it  is  not  neees^^irjr  i 
that  the  progenit^jr  himself  shall  liave  an  eye-atfklion  tn  inHiience  the  eyesi 
of  his  offspring;  it  is  sufficient  if  he  transmit  the  germ  of  degeneration. 

The  infliiencT  of  herc<lity  on  niyojna  i;^  very  niarkecL  Thus,  in  three 
hundrtMl  and  twenty  myopic  children^  Motais  ^  found  it  to  l^e  herediiaiy  ia 
two  hundn^l  and  sixteen  tamilies,  or  67.5  per  cent*  In  twenty  families  inl 
whii-h  both  parejits  were  myopic,  w^ith  sixty-two  children,  forty-^ven,  or 
nearly  76  jK^r  ctnit.,  were?  myopic.  Motais  finds  that  hereditary  myopia 
is  more  progivssivc  than  atYpni'ed  myopia,  tlxat  it  more  rapidly  reacdies  a 
high  degree,  and  that  the  complications  are  more  trnfuent  and  mi  in  esirlier ; 
in  fine,  that  hcn-^litary  myopia  is  more  gmve  than  iR'tpiired  myopia,  aad 
eonscipiently  denumds  a  nuirc  vigoruns  treatment.  Motais  further  holds ^ 
that  acquin^l  myopia  tends  to  become  hereditary,  and,  if  care  is  not  taken, 
ae(jULreil  niy«ipia  multiplitH]  by  licnKlity  will  lx^-**me  more  and  m<»ro  fiv- 
quent  as  edncatiun  l)ti2omcs  more  universal,  even  among  girls,  and  that  the 
intermarriage  of  pei>ion8  with  normal  eyes,  uninjured  by  study,  will  become 
more  and  mum  rare. 

Hen<'e  w**  see  tliat  myopia  is  miwt  olleu  hereditary,  that  it  deveh>[is  and 
18  aggravated  at  school,  and  that  heiTditary  myopia  should  be  roorecarefidly 
guai"ded  against  than  ac^piired  myopia. 

The  cfuistitutional  dis4_*ases  of  parents  whifli  predisjKXse  their  iutants  to 
ocular  affections  are  esj>ecially  tubertndosis,  scmfula,  and  syphilis.  ' 

The  hthercidar  kniotis  of  the  eye  are  rare,  and  it  is  not  necessary  to 
dwell  n|)on  their  gravity,  fir  niKjn  the  importance  of  those  affected  with 
tnl>eiTle  abstaining  from  marrijxgc. 

The  scrofulom  eye-diseases  of  childhood  arc  more  common.  Phlyc- 
tenular conjunctivitis,  blepharitis,  and  keratitis  in  all  its  forms— atFections 
w^hich  are  scrofulous  in  character — are  fmjuently  obscrvcnj,  and  their  in- 
fluence ujxtn  sight  can  be  most  injurious  bc?cause  of  the  opacity  of  the 
cornea  whifh  they  are  apt  to  cause.  Troussc^au  found  tliat  of  ft^rty-four 
cases  of  blindness  due  to  kemtitis,  twenty-one  were  of  scnif'ulous  origin. 
In  these  cases  jJiTvention  mn  do  much.  The  scrofulous  child  should  be 
immediately  plaaxl  under  the  beet  hygienic  conditions  and  si>eeial  attention 
given  to  its  nutriti<*n. 

Of  all  henfiJitary  affwtions  liable  to  attiu^k  the  eye,  syphifh  is  the  most 
important.  In  two  hundred  and  twelve  hereditary  syjihilitit^,  Fournier 
has  found  the  eye  affected  in  one  hundred  and  one.     The  disease  may 
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declare  itiseif  aliuo^^t  from  birth,  but  aftroixlijig  to  Troussoaii  it  is  most  oilcD 
between  three  and  tweDty-five  veal's  that  it  apfw?ars,  with  the  maximum  of 
fix^quency  between  seven  and  eleven  years. 

The  mo.st  frequent  of  these  syphilitic  affections  are  interstitial  keratitis, 
iritisj  aud  ehuroido-retiuitis,  and  if  unrecogni/XHl,  badly  treatt-tlj  or  treatment 
too  k>ng  de ferret!,  they  may  lead  to  blindness. 

The  limitations  under  which  a  sypliilittc  may  marry  have  been  w^ell 
defined  by  Fournier/  and  it  may  liere  be  added  that  if  during  pregnancy 
the  mother  shows  any  syphilitic  symptoms  slie  should  be  treated  in  the 
interest  of  the  infant,  and  the  eyes  of  tlie  infant  should  l>e  kept  under 
atreful  observation  during  the  whole  period  of  child  hood. 

There  can  be  no  prophifhtxiii,  properly  so  called^  in  eases  of  inherited 
disciLses,  and  there  are  no  means  of  preventing  the  transmission  fn^m 
parents  to  offspring  of  certain  ocular  afiW-tioni? ;  bnt  persons  suffering  from 
eyc^diswtse,  either  eongeuital  oracrpiired  at  an  eiirly  age^  should  hv  informed 
that  their  eye-disease  may  \ye  transmitted  to  their  offspring.  Magnus  has 
invest ig:ite<l  foiuto'n  instances  of  married  couples  in  whom  one  or  both 
were  either  1-Kjru  blind  or  l>emnie  so  at  an  early  age  j  of  the  thirty-four 
child I'en  beg^itten  of  these  marriages,  eight,  or  23,5  per  oent.j  were  either 
blind  or  weak -sigh  tefl. 

Comdnf/uinifif. — From  a  careful  investigation  of  this  subjeetj  reinibreed 
by  the  labors  in  the  same  direction  of  G.  Darwin,  Huth,  Lanery,  Fieuzal, 
and  FeiTet,  Tronsscau*  has  reached  the  conclusion  that,  indei>eudent  of 
heredity,  consanguinity  does  not  play  any  role  in  the  jmxlnction  of  blind- 
ness. Taking  congenital  catamet,  retinitis  pigmentosa,  and  albinism  a:^  tyjies 
of  the  aSections  which  there  has  been  a  marketl  tendency  to  ascribe  to  eon- 
eanguincous  origin,  Trousseau  has  given  to  thcni  a  carcfid  study.  He  finds 
that  in  twenty  cases  of  c<jngcnital  catnractj  in  eleven  neither  hercKlity  nor 
consanguinity  existed,  in  five  heredity  Avas  majiifest,  and  in  tliree  consan- 
guinity aj>]iearc<l^  at  fiivt,  to  play  the  principal  causative  part,  but  further 
investigation  soon  sliowcd  that  heredity  was  a  pre|»ondcrating  factor.  In 
one  case  the  investigation  was  insufficient.  In  eleven  cases  of  retinitis  pig- 
mentosa, fT>ur  were  without  evident  cause,  five  we  re  hereditary,  and  twfjwere 
apparently  of  consanguineous  origin,  liut  closer  invT^tigiition  slxowetl  them 
to  Ijc  elt^irly  of  hereditary  origin.  Of  tliree  cases  of  all)inism,  one  was  of 
obscure  origin,  one  was  hercMJitary,  and  one  was  apj>arently  e*>nsangnineou8, 
but  was  in  reality  of  hereditary  origin.  As  the  result  of  his  investigations, 
Trousseau  holds  tliat,  without  the  intervention  of  liercdity,  consanguinity 
is  powerless  tu  prcKluc^e  ocular  lesions.  It  cannot  cause  any  morbid  state 
without  the  materials  which  heretlity  furnishes  to  it,  and  henccj  from  the 
hygienic  point  of  view,  there*  is  no  good  reason  to  interdict  eonsimgnine<>us 
marriages  when  the  visual  organs  of  the  contracting  parties  are  sound  and 


1  S3-pliilia  et  Mariagfl^  Pam,  1880. 
»  Loo.  dL,  p.  139. 
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well  formed-     Magnus,  too,  liolds  that  we  have  no  proof  of  the  infltieQce 
of  csonsanguinity  in  causiug  blindness, 

11,    BLINDNESS   DUE  TO    IDIOPATHIC    DISEASES   OP   THK   EYE. 

This  group  comprises  67.08  per  cent,  of  Mag^nus's  collected  German 
easesi  57.12  per  cent  of  Trousseau's  cases  observed  at  the  Hospice  Ae^ 
Quinze-Vingt^,  and  48.08  per  cent,  of  the  cases  examined  by  Oppeoheuner 
in  Xew  York. 

OphUmtmia  neonatorum  is,  with  the  single  exception  of  atrophy  of  the 
optic  nerve,  the  most  frequent  csinse  of  blindness.  The  Committee  of  tk 
Ophthalmological  Society  of  the  United  Kingdom  *  has  rej>urted  that  from 
thirty  to  forty-one  per  cent,  of  the  inmates  of  four  blind  asy*lums  in  Great 
Britain  owed  tlieir  blindness  to  it.  Reinhanl.  quoted  by  Magnus,*  found, 
in  1876,  that  in  twenty-two  German  blind  asylums,  G5S  cases  oat  of  a  total 
of  2165,  or  thirty  and  a  half  per  cent.,  w^ere  blind  from  this  disease.  The 
Briti?^h  Royal  Commission  on  the  Condition  of  the  Blind  estimated  that 
there  were  alxjnt  7(HX)  ^lersons  in  the  United  Kingdom  who  had  lost  their 
eight  fVoiii  tliis  disease*,  or  about  twent}'-two  per  cent,  of  the  entire  hlijid. 

Of  the  50,568  blind  persons  in  the  United  States,  according  to  the  ceu- 
sus  of  1890,  Burnett*  estimates  that  at  least  thirty  per  cent,  have  become 
so  frt^m  ophthalmia  neonatorum. 

Fuchs*  gives  the  following  statistics  from  six  German  lying-in  h(»- 
pitals  as  to  the  injury  to  the  sight  resulting  from  attacks  of  ophtlialmia 
ne<:)oatorum : 

Injury  to  Mghi/rom  Ophthalmia  Neonait^rum, 
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or 
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Munich  Lynitf-in  Hofipit*!     .    .    . 
Dre^n  LyIiiiC'in  Htiflpitftl     .   .   • 
8tuttgmrtLyintf-in  Hospital    .    *    . 
VieimA  Foundling  Hospital    .    .    , 
Pmi^e  Foundling  Hospiial    .    .    . 

14 

21.0 
45.T 

The5?e  statistics  show  a  very  striking  increase  in  the  jicn^cntage  of  blinJ 
cases  in  foundling  hospitals  over  lying-in  ho8|>itais,  the  reason  for  whidi  \^ 
that  the  oises  are  generally  admitted  into  foundling  hospitals  in  a  veiy 
neglected  state,  when  the  cornea  is  already  implicated,  and  under  Mieh  oir- 
cums^tanees  treatment  otieii  comes  tiw^  late  to  save  the  sight.  Hence  the 
proportion  of  cases  in  foundling  hospitals  afiproximates  to  that  in  ophthal- 


i  Transactions,  1884,  p.  88. 

i  Loc.  cit.,  8.  166, 

>Tbe  Conturv,  Dewnibert  1892. 

*  Die  Ursacheu  uuA  dk  Verbutung  der  Blindheit,  Wiesbaden,  IS86,  a,  120. 
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mic  hospitals,  where  a  larger  pruptirtion  of  the  severe  and  neglectetl  cases 
are  seen  than  of  the  mild  oneia. 

As  regards  the  [lerwntagc*  of  cases  In  which  blindness  of  both  eyes  residts 
from  ophthalmia  nennaturum,  the  statistics  of  the  Vienna  Foo  rid  ling  Hos- 
pital and  of  Hirschberg  *  and  Eniiys  Jones  -  clc>sely  correspond. 

BlindntBs/rom  Ophthalmia  Ntonaiorum. 


Vienna  Ftnindling  Haspital 

HirschHerg 

HiiiTjB  Jonee •   . 


Coses  of 
BlennorrbcM. 


ia47 
200 
420 


BllndtieBB  of 
Both  Eyesv 


Per- 
centage. 


On  the  other  hand,  IIuriKT^  liad  not  a  single  case  of  blindness  in  one 
hundixKl  and  eiglit  rases  of  ophthalmia. 

For  the  reasons  already  stated,  it  is  not  jwssible  to  draw  exact  conclu- 
sions from  these  percentages,  ius  the  data  are  too  divergent,  owing  to  the 
variation  in  frequency  of  oplithalniia  in  diffei^nt  countries  and  the  differ- 
ence  in  the  material  investigate+b  Thus,  in  the  bliml  asylums  of  Germany, 
Austria,  Denmark,  and  Holland,  Eciiduird  obtained  a  percentage  of  blen- 
norrhicic  blindness  of  ibrty  [>er  cent,  whilst  in  nine  German  eye  hospitals 
Magnus  obtained  a  percentage  of  ten  and  eight-tenths,  and  in  the  entire 
population  of  the  Dnchy  of  Brunswick,  Fuchs*  gives  a  pt»recntage  of 
twenty- eight. 

The  pro|>ortion  given  by  the  blind  asylums  is  too  high,  because  their 
inmates  arc  chiefly  the  young,  among  wliom  (jphthalmia  is  propirtionally 
frecpient.  On  the  other  hand,  in  the  eye  hospitals  these  cases  appear  less 
frequently,  because  they  have  come  to  regard  their  blindness,  with  which 
they  have  lieen  afflicted  sinw  infancy,  as  irremetliable.  Lastly,  die  census 
statistics  of  the  lilind  of  an  entire  country  are  too  superficial  and  liiiblc  to 
t(^o  many  errors  to  lie  trustworthy. 

While  ophthalmia  neonat^iruni  is  one  of  the  chief  causes  of  Ivlindness, 
it  at  the  same  time  ha {>pily  presents  one  of  the  most  gratifying  proldems  in 
[jreventive  medicine,  since  with  approj*riate  ti-eatmeut  infcn-tion  can  l>c  pre- 
vented in  a  large  majority  of  ttises  ;  or,  with  our  present  knowledge  of 
its  pro|>er  raethwl  of  treatment,  if  it  do  ix'cur,  we  can,  \\Htb  rea,sonable  cer- 
tainty, cure  the  dLst»ase  before  blindneas  ensuc*s.  Glascott^'  has  estiraatj<xl 
that  nine- tenths  of  the  cases  of  1  blindness  from  ophtbalmia  neonatornm 
might  have  been  prevented  by  sim]>le  cleanliness  and  the  early  application 
of  proper  reraediesj  and  Magnus  calculates  that  Prussia  alone  eonid  have 

^  Beitrage  zur  pTukthvhmi  Aupenhi'ilkumip.  1S76,  a.  6. 
'  Man  cheater  Mwlicjil  Society^  February,  188L 

*  Handbuch  der  KinderkraQkhBiten,  Bd.  v.,  th.  ii.^  s,  202. 

*  IjiH^.  ck.,  8.  122. 

*  Fifty-tbird  Annual  Report  of  Eenshaw's  Blind  ABylnin,  MancheeteFj  England, 
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saved  two  millions  of  doUan  a  year  by  the 
prophylactic  lAeasures  against  thia  diaease. 

In  Germany  special  preoantiona  aie  now  taken  npiiiwt  die  spnalof  lUi 
disease,  and  to  that  end  midwivea  are  cxproaaly  proliibited  fay  law  bam 
treating  any  afiection  of  the  eyes  or  eyelids^  hamever  aliglit.  On  die  appov- 
ance  of  the  first  symptom  thqr  are  reqoiied  to  reparaaent  to  the  pamitBar 
others  in  charge  that  medical  assistance  is  nif^ently  required,  or,  if  neos- 
sary,  they  are  themselves  to  report  to  the  local  authoritieB  ^wmI  the  dislni 
doctor.    Neglect  of  these  r^ulationa  makes  them  liable  to  poniehnient 

In  the  United  States  within  the  last  few  years  the  States  of  Kew  Yoik, 
Rhode  Islandy  Maine,  Minnesota,  Ohio,  Maryland,  IffiaBooriy  Masaadhn- 
settSy  Connecticut,  Peniisylvaniay  and  New  Jersey  have  enacsted  laws  le- 
quiring  that,  should  one  or  both  eyee  of  an  infiut  beoome  inflamed  or 
swollen  or  reddened  at  any  time  within  two  weeks  of  ite  birth,  it  aii^ll  be 
the  duty  of  tlie  midwife  or  nurse  having  diarge  of  aueh  in&nt  to  ivport  in 
writing,  witliin  six  hours,  to  the  health  officer,  or  some  legally  qualified 
physician  of  the  city,  town,  or  district  in  which  the  parente  of  the  i"ftwt 
reside,  Uie  fact  Uiat  such  inflammation  or  swelling  or  redness  of  the  ejm 
exists.  The  ]x^nalty  for  failure  to  comply  with  the  law  is  made  a  fine  not 
to  oxiHMxl  two  hundred  dollars,  or  imprisonment  not  to  exceed  six  months, 
or  both. 

The  prophylaxis  should  have  regard  to  the  maternal  passages  as  well  as 
to  the  infant's  eyes,  and  should  cover  the  period  during  deliveiy  and  aflcr 
birth,  and  it  has  been  treated  of  in  detail  elsewhere  in  this  work.  As  the 
dist'oso  is  highly  contagious  from  infant  to  infant  and  from  infant  to  adnlt, 
it  is  ui'cessiiry  to  isolate  those  who  are  attacked,  and  to  instruct  their  attend- 
ants oonivrning  the  precnutions  they  should  take  to  prevent  the  introduction 
oi'  the  iutivtious  matter  into  the  eye.  All  contaminated  articles,  such  as 
drossinjjs,  iMUulagcs,  and  the  like,  should  be  burned.  Sponges  should  never 
Ik*  us(h1,  but  in  their  stead  absorbent  cotton,  which  after  use  should  be 
bununl.  All  instruments  used  should  be  carefully  disinfected  in  a  strong 
«irlH)lio  solution  and  then  subjected  to  heat.  Towels  used  by  infected 
]H'i*s()ns  should  l)o  boiled  before  being  used  again. 

The  remarkable  influence  of  the  very  simplest  antiseptic  precautions 
tHk(Mi  at  birth  in  the  prevention  of  ophthalmia  neonatorum  is  shown  by  the 
statisti(»s  of  the  Leipzig  Lying-in  Hospital.  Under  the  old  metliod  of 
trt^atnient  the  percentage  of  cases  of  ophthalmia  was  for  the  six  years  pre- 
mling  1880,  10.48,  and  for  the  first  five  months  of  1880  it  was  7.6.  The 
new  treatment  was  introduced  June  1, 1880,  and  in  the  following  six  months 
the  |x»rcentage  fell  to  0.6,  and  since  then,  according  to  Magnus,  six  hundred 
infants  have  been  bom  in  the  hospital  without  the  occiurrence  of  a  single 
aise  of  ophthalmia. 

ActUe  blennorrhooa  of  aduUa,  like  that  of  new-bom  infants,  is  an  infec- 
tious disease.  The  source  of  infection  is  to  be  found  either  in  the  genital 
organs  or  in  another  blennorrhoeio  eye,  and  the  infection  is  usually  intro- 
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diieed  into  the  eye  by  means  of  the  fing-er.  But,  iiiitwithstaiiding  the  tre- 
qut  nt  ojjport unities  for  infeetiou,  it  it^  nut  a  very  commun  disease.  Aeeord- 
ing  to  Hii-schberg,  it  forms  1J8  \yev  thousiind,  and  aeeording  to  Fienzal,  not 
quite  0,5  j>er  tliousaud,  of  al!  eye-di^\i8es.  In  one  thousand  blind  eyes 
Cohn  found  twenty-six,  or  2.6  per  tx^nt.,  whieli  were  lost  by  gonorrhieal 
eimjunetivitis.  Trousseau  found  the  peiTentage  at  the  Quinze-Vingts  to 
be  2,7,  while  Oppenlieimer*s  statisties  for  the  eity  of  New  York  give  Init 
a  little  over  one-half  of  one  j>er  cent. 

The  acute  bleuuorrhtea  of  adults  is  a  much  more  dangerous  affection 
than  that  iA'  the  new-born,  and  in  se%^ei'e  cases  it  is  not  always  possible  to 
prevent  tlie  lo^s  of  sight  of  the  eye.  Its  prophylaxis  *x>nsists  in  t!ie  obser- 
vation uf  the  same  preeautiuns  as  have  been  indieated  for  the  prevention  of 
the  spreiid  of  ophthalmia  neonatorum,  and,  in  additit^n,  as  one  of  the  most 
common  <^auses  of  this  distiise  in  tlie  adult  is  the  trausfer  of  matter  fruni  a 
blennorrhagic  urethritis,  a  gonorrhreic  patient  should  Ik?  extremely  eareful 
never  to  touch  his  eye  with  a  finger  that  could  be  in  any  way  infet'teil  with 
the  gouorrho.^al  discharge,  and  all  dressings  used  abiut  the  genital  organs 
should  Ik*  Ijurned. 

Qranuhr  ophHtalmia  is  a  frequent  cause  of  blindness.  Cohn  found  1»7 
tier  cent,  of  his  1000  cases  of  total  blindness  w^re  due  to  it ;  Magnus,  among 
707  cases,  fiuiul  2.2  per  cent.  ;  Daumas,  ainnug  1178  ciises,  5.4  per  cent.  ; 
Carreras-Amgo,  among  395  t*asis,  9.1  per  cent. ;  and  Opj>enheimcr,  among 
572  cases^  4  per  cent.  It  is  n  disease  Avhieh  is  very  infectious,  and  occurs 
es^KK-ially  among  tlmse  who  ai-e  crowded  together  in  Imdly  ventilatf^l,  badly 
lighted » and  damp  rooms  and  workshops.  It  had  been  at  times  epidemic  in 
large  schools,  in  armies,  and  in  the  uav^al  marine.  It  has  l>een  ineom^ily 
stated  to  have  been  first  introduce  1  into  Eufopi'  by  Napileon's  army  on 
its  return  from  Egypt,  wherc^  it  then  was  and  srill  is  very  prevalent. 

The  number  of  cases  of  blindness  in  Ireland  attribut(Hl  to  ophthalmia 
was : 

In  1S61,  1962,  or  tmo  in  evpn*    2^955  of  the  population. 

In  1871,  1642,  or  one  m  avf^ry    3,21»P;  of  tlj<?  populwlion. 

In  1881,    523,  or  one  in  every    0^894  of  the  population. 

In  1891,    378,  or  one  in  every  12,446  of  the  population. 

It  would  thuin  apix-iir  that  in  Ii^eland  this  disease  has  Ix^en  redueed  to 
a  eoni|)aratively  low  figure.  As  it  chiefly  prevails  there  among  those  who 
are  loeattnl  under  the  extiTuie  unsimitarv  eouditfon  usually  assoeiateil  with 
[xjveily,  and  as  a  ronsidemble  number  of  this  ela^s  always  beeome  Inmates 
of  workliouses,  a  continuous  flow  of  eases  of  ophthalmia  was  admitted  to 
the  workhouse's,  and,  the  ilist^ase  being  of  an  infectious  character,  great 
difficulty  was  experienetd  in  preventing  its  spread  among  the  workhouse 
inmates.  The  difficulty  has  now  betni  to  a  large  extent  overcome  by  im- 
proved sjinilary  conditions,  and  the  number  of  workhouse  inmates  afRrted 
with  ophtlialmia  has  been  steadily  diminishing  with  each  decade,  and  is 
now  very  limited. 
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Granular  ophtlialmia  h  usually  (xnumooicatetl  by  the  use  of  various 
objet't8,  sueli  arf  Bpoiiges^  diseasing:?,  towels,  and  other  toilet  articles,  and  by 
\vashin|3^  iu  water  which  hail  been  previously  used  by  a  person  nuftering 
fmm  tills  tye-afttfticm.  It  is  preventable  iiuder  proj>er  sanitary  coaditioiis, 
aiitl  it  IS  statetl  that  no  case  of  loss  of  eyesight  from  this  diseas-e  ooc"urix?d 
among  the  British  troops  during  their  late  occupation  of  Egypt/ 

Dtphtheritif^  {"OiijimcilrUii^,  as  a  rule,  attacks  children  uuder  ten  veal's 
of  age,  and  it  is  chiefly  when  diphtheria  is  epidemic  that  a  c\)njuiietivitis 
exhibits  a  tendency  to  become  diphtlieritie.  Apaii  from  the  danger  to  liie 
from  the  general  illness,  it  Is  a  disea.se  very  dangerous  to  tJie  eyes.  Aci-ord- 
ing  to  the  statistics  of  the  blind  given  by  Coho,  diphtheria  was  the  cause  in 
0.3  per  i-enttj  and  Magnus,  in  his  2528  eoIle<'t«l  casc^  of  double  blindness, 
found  0.35G»  or  practiailly  the  same  percentage. 

Horner^  states  that  uuder  v.  Graefc^  out  of  forty  cases,  Dine  eyes  ;  under 
Hirschberg,  ont  i>f  ninety-iour  ca&cs,  thirty-five  eyes  j  and  under  Jacob- 
son,  out  of  twenty-two  cases,  five  eyes,  were  tokdiy  blinded,  whilst  many 
eyes  were  mueh  lujunxl. 

The  prophylaxis  consists  in  observing  the  same  precautions  in  prevent- 
ing the  introduction  of  the  infectious  matter  into  the  eye  as  are  indicated 
in  other  forms  of  infec^tious  ophthalmia. 

Dmasm  of  the  coiiwdj  in  Magnus's  table,  yield  8,07  per  cent,  of  cases 
of  double  blindness.  But  this  iK^rcvntage  should  not  be  accepted  as  due  to 
idiopathic  corneal  disease.  Include<l  arc  cass  due  to  constitutional  dys- 
crasin,  esiKx-ially  scrofula,  and  the  mfK'hanictil  injuries  incident  to  certain 
o<*<"U{>iUiuus.  Tlje  former  have,  in  turn,  diminisljed  the  percentage  credited 
to  scrofula  in  tlie  same  table. 

DwfdseH  of  the  uveal  tract  include  iritis,  iridtv-choroiditis,  and  cyrlJtis, 
and  in  Miignus's  table  give  8.86  per  ecut.  of  cases  of  double  blindness. 
Chronic  irido-choroiditis  {irido-choroiditis  serosa)  is  often  met  with  in 
persons  over  forty  ycai-s  of  age.  Maeiy  of  the  cases  may  be  arn^^t^Lni  by 
iridet^tomy,  but  others  will  continue  tlieir  course  uninfluenced  by  oix^rative 
interference,  and  lead  to  blindness.  According  to  Magnus,  of  blind  per- 
.^»ns  Ijctwcen  forty-five  and  sixty  years  of  age,  1 5.5  per  cent,  have  lost  their 
siglit  Iw  disease  of  the  uveal  tract,  and  a  considerable  proportion  of  these 
have  been  contribnted  by  irido-choroiditis. 

There  is  no  prophylaxis  against  chronic  irido-choroiditis. 

Ihiackmenf  of  the  rtiha  is  the  most  frc<]ucnt  and  of  the  highest  impor- 
tance of  tlic  idiopathic  diseases  of  the  retina,  and  constitutes  4.75  per  cent. 
of  the  cases  in  Magnus's  collected  table.  In  tlie  forty-nine  cases  of  blind- 
ness from  detachment  of  the  iTtina  ]iersonally  observed  by  Magnus,  twenty- 
one  were  certainly  more  or  less  highly  myopic  from  youth  ;  and  in  the  other 
twenty-eight,  the  reports  of  the  early  condition  of  the  refraction  were  too 


*  Report  of  the  Royftl  Commisfiion  on  the  Blind  of  tlie  United  Kingdom. 
'  Quoted  by  Fucha,  loc.  cit,  t.  176. 
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uncertaiu  to  draw  any  safe  conelussioiis  irom  them.  Of  the  aforementioned 
tweDty-one,  Magnus  liolds  that  in  niottti'tii  thei^e  was  prt>Df  tliatthe  myopia 
was  coiigi^nital,  and  not  the  result  of  excessive  fatigue  of  the  eye  at  sehool. 

Of  the  forty-nine  eases,  in  tliirteeu  the  dctaelimeiit  of  the  retina  in  the 
second  eye  folluweil  so  elosely  upon  that  in  tlie  first  that  the  interval  could 
not  Ix;  aceurately  determined.  Of  the  remaining  thii*ty-six,  in  which  there 
was  a  longer  or  shoi*ter  interval  before  the  siglit  of  the  set^ond  eye  was  lost, 
in  twenty -eight  the  si<^ht  wtm  lost  by  detachment  of  tlie  retina  in  each  eye, 
and  in  the  remaining  eight  cases  one  eye  in  each  was  lost  at  an  earlier 
periwl  by  some  otlier  afteetit>n. 

The  length  of  the  interval  which  elapsed  lieftjretheapjx'aranee  of  detach- 
ment of  the  retina  in  the  other  eye  varied  from  one  year  to  thirty.  Of  the 
twenty-eight  cases,  the  right  eye  was  the  first  affeete^l  in  nineteen,  or  67,86 
per  cent,  and  the  left  eye  in  nine,  or  32,14  per  cent.  This  greatt^r  tendency 
of  the  riglit  eye  to  he  attaeketl  first  is  eonfirnied  by  Slagnos's  study  of  one 
hundrcHl  and  nine  cases  of  one-sided  idiopathic  detachment  of  the  retina,  oi' 
which  in  sixty* three,  or  57.80  \wr  cent.,  the  right  eye,  and  in  iijrty-six,  or 
42,20  [>er  cent.,  the  left  eye,  was  Hrst  at!et*ted, — a  peni^itage  which  also 
closely  corres|x>nds  with  that  found  by  Stolte  in  thirty-eight  cases  examined 
at  the  eye  elinic  at  tlie  University  of  Greifswahl.  On  tlie  other  hand, 
Landesljerg,  in  thirty -one  cases,  found  the  riglu  eye  atfeeted  iu  fifteen  and 
the  left  in  sixteen  eases. 

Glau€07}ia  gives  a  percentage  of  8.978  cases  in  Maguus's  eollect-td  table, 
of  10.84  in  Oppenhoinier's,  and  of  lihdii  iu  Trousseau's  table.  As  to  the 
age  at  whicli  blindness  from  glaucoma  oceurreil,  the  ninety-seven  cases  pei*- 
sonally  observed  by  Magnus  furnish  the  following  information: 

Two  lo«t  vision  at  twenty  years  of  a^e. 

Five  3ost  virion  between  thiiiy  and  forty  years  of  age. 

Twelve  lost  vision  between  forty  and  fifty  years  of  age. 

Twenty- four  lost  vision  between  fifty  and  sixty  yean  of  age. 

Fortyfive  lost  vision  at  over  sixty  years  of  age. 

In  nine  cases  the  age  could  not  be  ascertained. 

Fifty-eight  of  the  eases  were  females  and  thirty-nine  males. 

Of  these  ninety-seven  cases,  ninety- three  lost  their  sight  in  both  eyes  by 
glaucoma,  and  four  lost  their  sight  in  one  eye  from  some  other  disease.  Of 
the  ninety- th ret!,  in  fjeventy-tln-et^  the  interval  which  elapsed  between  the  loss 
of  sight  in  one  eye  and  then  in  the  other  could  not  be  ascertained  with  any 
degree  of  certainty.  In  the  remainiog  twenty^  cases,  in  four  the  interval 
was  one  year ;  in  thi-ce,  two  yeai*s ;  in  two,  three  years  ;  in  fonr,  four  years  ; 
in  three,  five  years ;  iu  one,  six  yenrs ;  in  one,  ten  yeai*s ;  in  one,  eleven 
years ;  in  one,  eighteen  years. 

Idiojxtihie  atrophia  of  the  optic  nerve  yields  a  percentage  of  7,751  cases  in 
Magnus's  general  table. 

Tumors  of  ike  eye  or  of  its  surrounding  tissues  are  often  the  cause  of 
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nnilateral  blindnesB,  bat  they  are  rare  hc/toru  in  the  prodootioa  of  doabb- 
eided  blindnesB.    In  Magnue's  oollecfeed  taUe  thejoonatitiite  but  O.S66  par 

cent  of  the  oaaeB. 

m.   BLINDNESS  DUE  TO  TBAUXATlBlf. 

Traumatisin  is  a  very  frequent  cause  of  bUndneaa.  I%ii2al^  fiMmd 
among  three  hundred  blind  persons  in  the  Hospke  dea  Qaiiue-ViiigtB  9Jt 
per  cent  of  blindness  from  injuries^  and  Troosseau's  later  statifltiGa  of  die 
same  institution  give  a  peicentage  of  16.32,  whidi  is  6.6  per  omt.  laiger 
than  that  given  by  Magnus,— ^viz.,  10.76  per  cent.  Aaumg  the  Uind  in 
Austria,  the  cases  due  to  injuries  amounted  to  7.9  per  cent. 

In  the  United  States,  28.67  per  cent  of  Oppenhrimer^s  oaaea  were  due 
to  traumatism,  and,  according  to  the  eleventh  census,  nearly  twenty  per 
cent,  of  the  cases  of  blindness  from  known  causes  were  dne  to  injury,  fbe 
proportion  being  much  greater  among  the  males  (275.93  per  tAioofland) 
than  among  the  females  (97.21  per  thousand).'  Of  the  7134  in  whom  tbe 
blindness  was  due  to  injury,  117  were  under  one  year  of  age,  366  were 
between  one  and  five  years  of  age,  616  were  between  five  and  ten  yean, 
903  were  between  ten  and  twenty  years,  3024  were  between  twenty  and  fifty 
years,  1865  were  at  the  age  of  fifty  years  and  upward  when  the  injaiy  was 
received,  while  for  353  the  age  when  the  injury  occurred  was  nnknown. 

The  cases  of  blindness  of  one  eye  from  injuries  are,  of  conrse,  mndi 
more  frequent;  according  to  Cohn,  they  constitute  24.2  per  cent,  of  all 
cases  of  one-sided  blindness.  In  the  United  States  the  proportion  is  mnch 
higher,  reaching  44.06  per  cent,  according  to  the  last  census.  Many  of 
these  uufortunates  are  in  constant  danger  of  losing  the  sight  of  their  soond 
eye  by  sympathetic  inflammation.  According  to  the  Royal  Commission  on 
the  Condition  of  the  Blind  in  the  United  Kingdom,*  total  blindness  ensues 
in  from  4  to  4.5  jxjr  cent  of  all  injuries  to  one  eye.  Glascott^  states  that 
at  least  one-half  of  i>ersons  blinded  by  injury  to  one  eye  lose  the  other  from 
sympathetic  disease.  Sympathetic  inflammation  is,  therefore,  a  constant 
menace  to  the  sight  of  the  uninjured  eye,  and  early  surgical  treatment  of 
the  injured  eye  is  of  the  utmost  importance,  with  a  view  to  preservings  the 
sight  of  the  sound  eye. 

Blindness  comes  on  from  either  direct  injury  to  both  eyes  or  the  injuxr 
of  one  eye  setting  up  sympathetic  inflammation  in  the  other.  According  to 
Magnus,  the  former  comprises  4  |>er  cent,  and  the  latter  4.5  per  cent,  of 
all  cases  of  blindness.  Direct  injuries  to  the  eyes  in  males  are  chiefly 
accidents  occurring  while  at  wort,  whereas  in  women  and  children  they  aie 
for  the  most  part  due  purely  to  accident  or  carelessness,  or  are  produced  by- 
wilful  violence. 


*  IV.  Congrds  d'Hygidne,  i.  p.  218. 

*  See  page  481. 
■  Loc.  cit. 

*  Paper  read  at  the  annual  meeting  of  Henshaw's  Blind  Asylum,  1886. 
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Injaries  by  animals  aiMl  by  lightning  are  given  in  the  Irish  census 
retiiriJrt  for  1891  iii?  responsible  for  thirteen  and  seven  eases  res[>ective!y, 

Itijuries  bi/foretgn  bodies  constitute  the  majority  of  traumatisms  of  the 
eye.  They  are  most  fr«|uently  met  with  among  workers  in  metal  and 
stone.  When  the  foreign  IjikUl^  are  large  and  strike  the  eye  with  foree, 
they  perforate  its  mcmbrani^  and  |>eiietrate  into  the  interior  of  the  eye. 
Eyes  thus  injured  are  generally  lost ;  and,  moreover,  wlien  but  one  eye  is 
injuretl,  it  is  apt  to  give  rise  to  symfKithetie  inflammation  in  the  other  eye. 

The  accidents  most  frequently  observed  are  burns,  foreign  bodies,  punc- 
tures or  euts,  rupture  of  the  membranes,  and  traumatie  eataract.  Aeo^txling 
to  Glaseott,^  burns  from  fire,  acids,  corrosives,  and  lime  may  be  held  to 
cause  twelve  jier  cent,  of  all  injuries,  and  accidents  from  flying  pieces  of 
stone  or  chips  of  metal  fifty-eight  ]wr  cent.  In  weaving-mills,  accidents 
from  shuttles  Hying  out  of  the  loom  formerly  weiT  very  frtTjuent»  and  gen- 
erally of  a  very  destructive  character,  but  of  late  }'eare  their  frequency  has 
been  markedly  diminished  by  the  introduction  of  sbuttlc-guaixls. 

Ok-cius*  gives  tixe  following  list  of  artisans,  not  including  miners,  in 
whom  injuries  ti>  the  eye  incurriJ  in  their  o(x:uimtions  were  observed  by 
him  during  the  years  1868  and  1869.  They  are  arranged  in  the  order  of 
diminishing  frequency  as  follows : 


Lix^ksmitlis  . 166 

Hiindieriiflsineu *    ,  67 

Mftfions 43 

Smiths 2a 

Miichi  no- makers 22 


Millers 18 

Carpenters     ,,.,.«...    14 

Stone-majionii 8 

Metal  turners 6 

Total 857 


The  investigations  of  Cohn^  are  very  interesting  as  sliowincr  the 
dangers  to  which  the  eyes  of  metal-workers  are  subjected.  He  found  that 
eveiT  one  of  the  1283  workers  in  metal  examined  by  him  auffered  two 
or  three  times  a  year  from  injury  to  the  eyes.  About  one-half  of  those 
injured  (633)  were  compelled  to  obtain  metlical  aid.  Of  thc»se,  thirty-six, 
or  5.7  iKjr  cent,  were  (jartiatly  depriveil  of  sight,  and  sixteen^  or  2.5  per 
cent.,  lost  the  sight  of  one  eye  entirely.  A  careful  examination  of  the 
cornea  of  one  of  these  workmen  will  oflen  show  about  a  dozen  small 
IM)int-like  opacities  in  the  cornea  wliich  have  been  causcil  by  the  impact 
of  foreign  bodies. 

The  use  of  prott^iive  spectacles  would  greatly  diminish  the  liability  to 
ac*cidental  injury  oi"^  the  eyes  in  some  trades,  but  workmen  generally  i-efuse 
to  wear  them  because  they  think  the  spectacles  interfere  with  their  acuity 
of  vision,  GhuHs  is  certainly  oi>en  to  the  objection  that  in  case  of  accident 
it  is  liable  to  splinter  and  penetrate  the  eye  which  it  is  intended  to  pro- 
tect ;  but  even  eye-protectors  made  of  fine  brass  wire,  or  of  mica^  it  is 
difficult  to  induce  artisans  to  wear. 


Vol.  Ilv— 2» 


*  Luc.  cit 

■  Quoted  by  Magnus,  lt>c.  cit.t  s-  1^7. 

•  Cited  by  Fuch»,  loc.  cil,|  a.  185. 
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Injurim  %  blows ^  (ArustSf  pricks,  eijc,^  are  generally  caused  by  aocidetita 
whicJi  c-aniiot  be  fVjR^seen  or  avoided,  while  most  of  the  iDJuries  that  are 

pyrposely  itiflicte<l  belong  to  this  class. 

Injurim  from  cjrpfosive  mibstances  are  generally  a  combination  of  bum 
and  injury  by  a  foreign  body,  such  as  grains  of  powder,  particles  of  the 
explfxled  nMiterial,  rcR^k,  ^antl,  coal,  etc.,  and  are  nia«t  frequent  in  dif* 
mining  districts.  Of  fifty- four  cases  of  tmumatic  blindness  rej>ortetl  by 
Troussciiu,  thirteen,  or  24  t>er  wnt,  were  caused  by  mine  explosions  ;  and 
Ijayet^  reports  that  at  Lidge,  of  one  hnodiTtl  and  six  blind  from  wounds, 
sixty,  or  5(>.6  per  wnt*,  were  from  coal-mine  explosions. 

Injuries  by  gunpowder  are  usual ly  unirh  more  dangerous  tliao  simple 
injuries  by  foreign  bodies,  not  only  on  aooount  of  their  greater  severity,  hut 
also  IxHiiuBc  they  generally  involve  both  eyes.  Children  fiu'nisli  a  large 
numljcr  of  tbe  injuries  caused  by  explosive^j  as  the  result  of  careless  play- 
ing with  fiiv-arms  or  with  dangerous  toys,  such  as  j)ereussion-cap  toy  pistols, 
fulminating  preparations,  etc. 

Injarira  received  in  War. — The  following  table,  quoted  by  Fuehs*  from 

Reich,  shows  the  fi-eqneney  of  injuries  of  tlie  eye  in  pro|K>rtion  to  the  total 

wounded.     The  lai-ger  pruiHirtion  ohi^'rvwl  in  tlie  Armenian  war  is  becsiuse 

slight  wounds  were  noted,  which  wsxs  not  the  ca.s*^  in  tlie  statistics  of  the 

other  wars. 

Injuries  of  tfie  Eyt  received  in  War, 


,  NmiitMer  of 
I     all  the 
Wouoded, 


Uitbe 


Per 
Oeui. 


War  of  the  Rebellion  . 
Prftneo-Gerniftn  wbf  .  . 
Anneniiiii  war  (1877-78) 


406,072 
75,321 
13,001 


1190 
464 
290 


.29 

.61 

2.21 


UnBiiccemful  operaiions  are  responsible  for  1 .938  per  cent,  of  the 
in  Magnus's  general  tabh*.  This  {KTitMitage  is  prolmbly  higher  than  now 
obtains  under  tlie  modern  technique  of  catamct  ojx^rations,  and  it  is  to  this 
class  of  oi^erations  that  most  of  the  cases  belong. 

Biitiihies^  from  Injuries  to  the  Skull, — BliuchH^iiS  sometimes  ensues  on 
injuries  which  do  not  atfcH?!  tlie  eye  dii*ectly,  but  the  skull.  Such  cascs^ 
afX'ortling  to  Magnus,  etmstitute  0.277  per  cent,  of  all  cases  of  liliudness. 
Injuries  to  the  skull  lead  to  blindness  in  very  various  ways.  In  some 
cases  Berlin^  has  demonstrated  tliat  fractures  of  the  bone,  espe<^ially  in  the 
optic  canal,  are  present,  which  (*ause  bruises  anil  lawmtion  of  the  optic 
nerve. 

Traumatic  Bipnpdthetic  oy>A//ia/mi«.— Syni|>athetic  blinding  of  one  eye 
from  injury  of  the  other  was  the  cause  of  4,o()9  jjer  wnt.  of  cases  in  Mag- 


*  Qurit«<J  hy  Tix*uss.eau,  U»c.  cit.,  p,  120. 

'  Loc,  cit.,  8,  187, 

»  Quoted  by  Fuch*,  loc.  cat.,  §.  189. 
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hub's  table.  Of  the  thirty- four  eases  personally  observed  by  Magnus,  there 
were  sixteen  betwt»eii  one  and  fii*teen  years  of  age,  six  l>etween  fifteen  and 
thirty,  ^*ven  between  thirty  and  forty-five,  one  between  forty- live  iind 
sixty,  ono  between  sixty  ami  seventy.  In  three  eiises  no  i-ehable  informa- 
tion eould  be  obtained  as  to  the  age.  Twenty- three  of  the  I'ases  were  males 
and  eleven  females.  The  large  proportioti  of  eases  oeeurring  in  eliildhoijd 
and  among  males  stands  in  natural  relation  with  the  larger  proportion  of 
cas<^  of  injury  oeeurring  at  the  same  period  and  among  the  male  sex.  As 
to  tlie  time  which  elajised  before  sympathetic  blin<ling  of  the  second  eye 
otx'urred,  Magnus  found  that  in  one- half  uf  the  eases  the  interval  was  less 
tiian  a  year,  and  that  in  fourteen  aises  it  was  htdf  a  year  or  less.  The 
shortest  j^eriml  was  four  weeks,  and  the  lungest  twenty-eight  years.  His 
experience  agrees  with  that  of  most  observers,  that  the  danger  of  the 
appearanee  of  sympathetic  inflammation  is  greatest  during  tlie  first  week. 


IV.    BLINDNESS   DUE   TO   GENERAL   DISEASES. 

Geneml  or  systemic  diseases  were  nAspunsible  in  Oppenlieimer's  table  for 
19.41  per  cent.*  in  Magnus's  general  table  for  18.3  ])er  cent.,  and  in  Trous- 
seau's table  for  ii3.52  per  cent  of  all  the  cases  of  blindness. 

The  brain  is  by  far  the  most  important  of  all  the  organs  of  the  l^ody  in 
the  eausation  of  hlindness.  To  it  are  a,'?iTibed  7.46  per  t^^nt.  of  tlie  tuses 
from  known  causes  tabulated  in  the  last  United  States  census.  Aeecn*ding 
to  MagniLs,  it  is  responsible  for  46.8  per  cent,  of  his  collected  cases  due 
to  systemic  disease.  Of  these,  39  |>er  c*cnt.  were  due  to  disease  of  the 
brain  and  its  membranes  causing  ciianges  in  the  tiptie  nerve  and  the  retina, 
and  manifesting  themselves  in  atruphy  of  the  optic  nerve  or  optic  neuritis. 
In  the  remaining  7  per  cent,  the  blindness  was  due  to  a  direct  trarismissiun 
of  the  meningitic  process  to  the  eyelmll,  esp^eiully  to  the  uveal  tracts  and 
blindness  ensued  from  irido-choroiditis.  According  to  Mauthner,  intra- 
cranial diseases  give  rise  to  at  least  four-fifths  of  tiie  cases  of  optic  neuritis. 

Affections  of  the  retina  and  optic  nerve  in  meningitis  were  found  by 
AUbutt  in  thirty-eight  ca^es  tviTuty-nine  times,  by  Heinzel  in  forty-one 
cases  forty-one  times,  by  Bouchut  in  fifty-nine  ouses  fifly-seveu  times. 
The  changes  observed  in  these  ciises  were  generally  a  slight  hy|XTfemia  or 
inflammation  of  the  retina  and  optic  nerve,  but  in  some  cases  they  were 
6o  severe  as  to  lead  to  blindness.  It  is  prolmble  that  in  many  of  the  cases 
in  which  atrophy  of  the  optic  nerve  comes  on  after  measles,  scarlatina, 
dysentery,  and  typhoid  fever,  the  eye-aifeetion  is  due  to  a  cromplifating 
meningitis. 

The  chronic  diseases  of  the  nerv^ous  system  are  those  whii^li  nifmt  fre- 
quently lead  to  affections  of  the  globe  of  the  eye.  Cerebral  tumors  are 
aciH>mpanied  by  intense  optic  neuritis  with  circum papillary  hemorrhages. 

TTie  Spina f  ConL — Disease  of  the  spinal  cord  was  responsible  for  12.74 
per  cent,  of  the  cases  due  to  general  diseai*i«  in  Magnus's  table.  A  large 
propjrtion  were  cases  of  atrophy  of  the  optic  nerve  leading  to  blindness 
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resulting  from  tabes,  which  has  a  special  predilection  for  the  eje,  and 
Leber  and  Graefe  estimate  that  from  26  to  30  per  cent,  of  all  cases  of 
optic  atrophy  depend  upon  this  disease,  which  i&  a  larger  percentage  thai 
that  given  by  Magnus.  On  the  other  hand,  Cyon  found  tliat  in  twc 
hundred  and  three  cases  of  tabes  dorsalis  blindness  occurred  in  twenty- 
seven,  or  13.3  per  cent.  Charcot  has  {x>inted  out  that  optic  atrophj  often 
})recedes  the  typical  phenomena  of  tabes,  and  may  even  make  evident  itt 
onset.  In  other  cases  it  may  not  come  on  until  after  the  affection  of  th< 
gait  is  marked. 

Atrophy  of  the  optic  nerve  is  sometimes  found  with  insular  sclerosu 
and  lateral  sclerosis  of  the  spinal  cord  ;  and  in  general  paralysis  of  the 
insane,  although  spinal  disease  is  not  always  present,  atrophy  of  the  papilla 
frequently  occurs. 

The  Vaacidar  System. — Disease  of  the  vascular  system  was  the  cause  of 
2.59  per  cent,  of  the  cases  due  to  systemic  disease  in  Magnus's  table.  Of 
these,  eleven  were  due  to  hemorrhage  and  one  to  embolism  of  the  central 
artery  of  both  retinae.  Vascular  disease  leads  to  blindness  by  embolism 
or  thrombosis  of  the  retinal  vessels.  Such  cases — more  especially  in  both 
eyes,  however — are  verj'  rare.  On  the  other  hand,  retinal  hemorrhages, 
with  or  without  retinitis,  which  seriously  injures  the  sight,  are  not  un- 
common, aud  are  also  caused  by  changes  in  the  retinal  vessels.  Magnus 
reckons  among  these  cases  of  blindness  caused  by  neuro-retinitis  after  great 
loss  of  blood.  Hemorrhages  from  the  stomach,  bowels,  or  uterus  are 
capable  of  giving  rise  to  serious  and  incurable  blindness,  but  the  connec- 
tion between  the  loss  of  blood  and  loss  of  sight  in  these  cases  is  not  yet 
clearly  made  out. 

T/ie  digestive  system  was  responsible  for  only  four  cases,  or  0.86  per 
cent,  of  the  systemic  cases  in  Magnus's  table.  Two  of  these  were  due  to 
a  dysentery  which  led  to  the  development  of  optic  atrophy,  and  the  two 
reniainin<2:  cases  were  due  to  a  violent  vomiting  causing  atrophy  of  the 
optic  nerve. 

The  ^iropoietic  system  gave  twenty-eight,  or  6.05  per  cent.,  of  the  cases 
duo  to  systemic  disease.  Twenty-three  of  these  cases  were  due  to  gonor- 
rha^al  bleimorrhwa,  and  five  to  albuminuria.  Two  of  the  latter  were  in 
pregnant  women.  Omitting  the  twenty-three  cases  of  gonorrhoeal  blennor- 
rhrea,  the  propriety  of  including  wlii(;h  here  is  doubtful,  the  cases  from 
albuminuria  would  lx»  but  1.07  per  cent. 

Diseases  of  the  Se^vunl  Organs, — Neuritis  resulting  in  i>artial  or  com- 
plete blindness  has  sometinu^s  been  observed  as  the  result  of  disturlmnce  of 
the  menstrual  function,  and  in  various  diseases  of  the  uterus. 

The  conneciive  tissue  and  cidaneous  system  p^ave  but  three  cases,  or  0.65 
per  cent.,  of  Magnus's  cases  due  to  general  diseases.  Two  of  these  were 
cases  of  atrophy  of  the  optic  nerve  (X)nsequent  uix)n  facial  erysipelas,  and 
one  was  a  case  of  atrophy  following  uj)on  orbital  inflammation. 

Chronic  skin  disease  exercises  a  more  or  less  importiint  influence  on  sight 
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by  promutiDg  tbu  lyi'miitioii  oi'  t-iitaract,  xVtropliy  of  the  optica  nerve,  too, 
BometimeB  &et*ins  to  be  de  vol  oped  by  sueh  a  eituse,  and  Mooren  tlejRTibes^ 
the  case  of  a  child  io  whom  blindness  from  uptio  atrophy  was  due  to  a 
ehroiiio  skin  atfeetion  of  the  head,  and  he  considers  chronic  meningeal 
hy|KTtemia  as  a  pathogenic  connecting  link  between  head-eruption  and 
optic-nerve  atrophy. 

Lepra  is  responsible  for  a  small  proportion  of  cases  of  blindness. 
According  to  Danielseo/  out  of  one  Imndred  and  twenty-five  leprous 
patientBj  eighty-seven,  or  69  per  cent.,  had  eyiniisease,  which  oi'tcn  results 
ID  blindness  from  opacity  of  the  cornea  or  from  the  ibrmation  of  leprous 
tubercles  in  the  cornea  and  si'leraj  whi(4i  terminate  in  ^shrivelling  of  the 
eyeball.  Hence  in  countries  where  leprosy  prevails  a  certain  pro[WJrtioD  of 
the  cases  of  blindness  is  due  to  this  canse.  Thus,  in  Norway,  Professor 
Hjort,  of  C'hristiania,  found,  aniung  two  hundred  and  eighty -nine  cases  of 
blindness,  that  seven,  or  2.4  per  cent,  were  ilue  to  this  disease  ;  and  Pedra- 
glia^  found  in  twenty -six  lepers,  eight,  or  30.77  per  cent,  with  leprous  eye- 
disease. 

The  acuie  infectious  disease^i  gave  one  hundred  and  fifteen  cases,  or  24,8 
per  cent,  of  all  the  eases  from  general  diseases  in  Magnus's  table.  They 
were  distributed  as  follows  : 


Smull-pojt,  12.10  per  cent. 
Typhoid  fever,  6, 18  p«r  cent. 
Measlts,  3.46  per  cent. 


Scarlet  fever,  2.81  per  cent. 
Other  exanthema,  1.30  per  cent. 


In  acute  febrile  diseases  the  eyes  are  much  more  frequently  affected 
tlian  is  commonly  supposed.  Owing  to  the  gravity  of  the  general  disease, 
the  local  affet^tion  of  the  eye  is  very  aj>t  to  be  ovcrlcHiked,  esi>ecially  when 
it  atfects  the  de<?per  parts.  As  ttie  patient  makes  no  complaint  of  dis- 
ordered  vision,  as  a  rule,  no  careful  examination  of  the  eye  is  made.  If 
the  patient  rei!Over,  the  slighter  atfeetions  of  the  eye  generally  also  recover 
spontaneously,  and  so  pass  unnotitred, 

Eye'Complications  are  liable  to  apjiear  at  any  time  in  the  course  of  tlie 
disease,  but  they  most  frerjuently  occur  during  convalescence,  and  they  have 
much  in  common.  At  the  pcriwl  of  invasion  of  the  eruptive  fevers  there 
exists  a  simple  conjunctivitis,  which  may  become  eatarrlial  or  phlyctenular, 
ant!  the  cornea  may  bwonic  affected ;  but  tliis  mML^urs  more  ofkm  during 
convalescenee,  when  a  phlyctenular  or  ulcerous  keratitis  may  develop,  and 
sometimes  a  true  abscess,  all  of  which  may  result  in  a  considerable  dimi- 
nution of  visual  [wwer,  or  even  in  its  entire  loss.  In  all  the  eruptive 
fevers  iritis  or  irido-choroiditis  may  sii|KTvene,  but  affct*tions  of  the  uveal 
tract  arc  much  less  frcfpient  tlian  thi»se  of  tlie  conjunctiva  or  ct>rnca. 

In  the  comatose  period  of  grave  affections  the  patient  often   lies  for 

1  Uphtbalmologiache  Mitthtilun^en  aus  dem  J  ah  re  1873,  s.  93* 

'  tiuottxl  by  Fucha,  loc.  cit.,  s.  12.  » 

*  Murph<>ti£che  Aygenkrankuiig,  K.  H.  f.  A.,  x.  8.  65. 
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several  days  partially  or  completely  unconscious,  with  eyelids  half  open, 
exposing  the  lower  third  of  the  cornea,  which  soon  beoomes  covered  with  a 
yellow,  dried  sec*retiou  which,  upon  removal,  exhibits  the  cornea  beneath 
dry,  lustreless,  dim,  or  even  ulcerated.  The  prognosis  in  such  conditions  is 
most  grave.  Should  he  recover,  however,  he  may  have  dense  cicatrices  in 
tlie  cornea,  or  he  may  lose  one  or  both  eyes  completely.  This  keratitis  was 
formerly  regarded  as  the  effect  of  depressed  innervation,  and  designated  as 
neuro-paraly tic ;  but  now,  owing  especially  to  the  researches  of  Fcuer,*  it  is 
known  that  this  form  of  keratitis  is  the  consequence  of  the  drying  of  the 
exposed  coruca,  and  hence  he  called  it  keratitis  xerotica.  This  affection 
may  be  prevented  by  covering  the  eye  with  a  light  compressive  bandage,  or 
by  closing  the  lids  by  means  of  narrow  strips  of  gauze  and  collodion  so 
soon  as  the  first  signs  of  the  drying  process  show  themselves. 

Small-pox  was  responsible  for  1.41  ixjr  cent,  of  the  cases  of  blindness 
from  known  causes  tabulated  in  the  eleventh  United  States  census,  for 
2.216  per  cent,  of  all  tlie  cases  in  Magnus's  general  table,  and,  according  to 
Sohaofer,-  for  11.9  i>er  cent,  of  the  cases  ineludwl  in  the  last  Russian  census. 

The  (»ensus  returns  of  Ireland  show  a  steady  diminution  in  the  number 
of  cases  of  blindnc^ss  from  small-pox.  The  ivnsus  of  1871  gave  520  cases; 
that  of  1881,  359;  and  that  of  1891,  221  cases.  This  is  due  not  only 
to  the  influence  of  vaccination,  but  also  to  the  fact  that  ophthalmia  lias 
diniinishetl  in  frequency  and  severity.  It  is  a  j>ecuHarity  of  the  small-pox 
eruption  to  attack  most  severely  the  more  vascular  parts;  hence  an  eye 
aif(M-tc<l  with  opiithalniia  is  much  more  liable  to  the  attack  of  the  small- 
jK)x  eruption  than  the  lu^althy  eye. 

The  followinjr  table  by  Fuchs^  gives  an  idea  of  the  frequency  with  which 

eyi^liscas<^  of  some  form,  including  hyjK)pyon  keratitis,  apj)ears  as  a  sc^^uel 

of  variola. 

Frequency  of  Et/e- Disease  ha  a  Serjuef  of  Variola, 


Observer. 


Ilobm 

Manz 

A<H(T — 1.   Vi«*niia  Coinnumspitnl 

11.  Vi«>nn:i  (Vnnnuiiispital .    .    . 

Vionnii  Chiltln'n's  Hospital    . 

Makuna 

OpptTt 


Nuinberof;f}5  these 
Small-,.>x    |i»^^^^>« 
fecled  in 


12,000 
2,000 


1,182 
706 


2,755 


Per  Cent. 
1 

1.6 
0 

2.9 
9 

9.7 
11 


Tlio  freciuency  of  ocular  complications,  it  will  l)e  s(hmi,  varies  consider- 
al)lv,  and  (lej)on(ls  to  a  \i\v<r(^  extent  on  the  sc^verity  of  the  epidemic.  The 
more  severe  the  disc^ase  the  grejiter  is  the  danger  to  the  eyes.  Adler 
observed  a  seri(»s  of  one  hundred  cases  of  small-pox  in  which  the  eyes 


»  Wiener  M«»d.  Prosse,  1877,  8.  43. 
»  Loc.  cit.,  8.  11. 


»  Lot.  (it.  8   80. 
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were  affected  ;  blindness  ensiietl  in  only  the  more  severe  cases,  and  not  one 
of  those  wbieh  recovered  lost  his  siglit. 

The  eye-affe<}tioos  of  variola  are  of  various  kinds,  but  most  of  the 
grave  cases  are  affections  of  the  cornea  which  sujiervene  diiriu^  the  stage  of 
dcsiciation  or  of  convalescence.  Landesberg  *  observed  twu  hundred  and 
seventy  aiscs  of  variolous  eye-disease,  and  they  were  distributed  as  follows : 

Cases.  Per  Cent 

Disease  of  iht^  conjunctivn .  156  67^78 

Dt66tt«e  of  th(?  lacryoiHl  uppuratus 15  6.56 

DiseiL«e  of  the  lids  .    ......        , 3  1.11 

Periostitis  and  capk*«  of  the  upper  orbital  wall 1  0.37 

Disease  of  the  cornea 81  30.00 

Disease  of  the  iri* 8  2.% 

Disease  of  the  UTetil  tract 4  1.48 

Glttuoomu ,  2  0.74 

from  which  it  is  seen  that  conjunctival  and  then  corneal  affections  are  the 

most  freqnent  ocular  complications  of  small -}K)x* 

Adlcr  had  amonj^  one  liuixdrtHl  and  sixty-five  variolonB  ophthalmias 
f!>rty-two  j>cr  cent,  of  cornoal  alfWtion.  Landesberg  had  eighty -one  eases, 
or  thirty  per  cent.,  of  corneal  atf  cert  ion,  and  of  these  the  eye  wa^  lost  in 
twelve  cases.  Of  Manz's  thirty-two  cases,  four  went  oo  to  phthisis  cor- 
nefej  two  t<i  total  staphyloma  corncfe,  and  eleven  to  the  formation  of  leu- 
coma.  Vmm  these  figures  it  is  evident  that  variolous  keratitis  is  a  very 
grave  affection  and  often  causes  loss  of  sight. 

Befoi'e  the  iutr*jduetion  of  vaccination,  smalUpox  was  a  very  common 
and  wide-spi'cad  disease,  and  it  was  responsible  lor  a  very  considerable  pro- 
portion of  cases  of  blindness;  hot  the  general  practice  of  vacciuation  has 
changed  this  by  diminishing  the  fretpiency  of  snmll-pox  and  also  the  virn- 
leuee  of  the  disease,  Accordmg  to  Carnn  du  Villars,^  before  die  discovery 
of  vaccination,  thirty-five  per  cent  of  all  blind  pei-sons  in  France  l>ecame 
so  from  small -[K>x,  but  since  the  iutnxluetiou  of  vaccination  the  per- 
centage has  fallen  to  eight.  In  Prussia,  aeeording  to  Stcffan,  before  the 
introduction  of  compulsory  vaccination,  thirty -five  [wv  cent,  of  the  blind 
became  .so  from  small-pox,  and  after  its  introduction  but  two  per  cent,  of 
tlie  blind  lost  their  sight  by  variola.  Dumont''  fotmd  that  of  the  one  lum- 
dretl  and  tweuty-two  mses  of  blindness  from  smalbpox  which  aime  to  the 
Hospice  des  Quinze-Vingts,  but  a  single  one  liad  l>een  vaccinated,  and  he 
had  not  l>een  vaccinated  suc<.'ess fully.  Hence  we  see  that  vaticination  lias 
most  markwlly  diniiuislied  the  liability  to  blindness  as  a  setpiel  of  variola, 
and  that  these  statistics  furnish  another  potent  argument  in  favor  of  com- 
pulsory vaccination. 

Typhoid  fever  caused  twenty-four  eases  of  double-sided  blindness,  or 

'  Beitrag  zut  variolosen  Ophthalmia,  Elberfeld,  1874. 

*  Quoted  by  Dumont,  Kucherches  Btatistiqaes  sur  les  Caysea  et  les  Effets  de  la  C^it4, 
Paris,  1856,  p,  43. 
»  Ibid.,  p.  45. 
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0.949  per  c€nt,  of  Magnus's  collected  cases,  and  5.18  |>er  eent.  of  his  cases 
caused  by  systemic  disease.  Three  of  these  eases  were  due  to  disease  of  the 
cornea  (total  leucoma),  six  to  irido-t'horoiditis,  and  fifteen  to  atrophy  of  the 
optie  nerve.  As  a  consequeuee  of  acute  fever  there  tx'curs  soniethnes  tran- 
siait,  sometimes  permanent  bliudness  from  atlectiou  of  the  optie  nerve  and 
its  central  termination.  lu  cases  of  permanent  blindness  ophthalmoscopic 
examination  reveals^  genemlly  neuritis,  which  terraiuates  in  atrophy  of  the 
optic  nerve.  Sometimes,  however,  no  pathologictil  condition  can  be  dis- 
covered, and  atrophy  eomes  on  later.  Much  more  frc<picntly  such  instanc-)es 
of  blindness  accompany  meningitis?  and  epidemic  eerebro-spiual  meningitis. 

Belajmng  /t'i'€f\  although  it  di>es  not  ap[)car  in  Mugnos's  table,  is 
especially  noteworthy.  Knipping,^  iu  an  epidemic  at  Dautzic,  observed 
eye-compUeations  in  3.8  per  cent,  of  the  cases,  Laciimanu  in  11  per  cent., 
Luclihau  in  3.3  per  cent.,  and  Tromi>etter  in  6  per  cent.  Their  frequency 
and  severity  vary  in  diffeiient  epidemics,  but  the  more  severe  the  diseaise  the 
more  frequent  and  severe  are  the  eye-complications.  They  generally  involve 
the  anterior  part  of  the  uveal  tract, — namely,  the  iris  and  ciliary  Ixuly.  The 
disease,  aceorthng  to  Fuchs,  runs  a  tedious  coursCj  and  tra(?es  of  it  with 
diminution  of  the  power  of  vision  remain.  Complete  blindness  has  been 
observed,  but  is  rare.  In  seven  hundred  and  tliirty  cases  complicated  with 
irido-choroiditis,  Logetsehnikoif  saw  blindness  occur  in  but  three. 

Measles. — The  eye-inflammations  aeeom|>auying  this  disease,  although 
severe  in  many  cases,  are  seldom  dangerous  to  vision  :  hence  we  find  that, 
although  measles  is  one  of  the  commonest  of  the  infective  diseases,  it 
caused  only  2.8  per  cent,  of  the  cases  of  blindness  from  known  caus^  in 
the  United  States  iu  1890,  but  0.633  per  cent,  of  blindness  in  Magnus's 
general  tabic,  and  3.46  per  cent,  of  his  cases  from  systemic  disease.  Of 
the  sixteen  ca^es  tabulatetJ,  fifteen  were  due  to  destruction  of  the  cornea 
and  one  to  atrophy  of  the  optic  nerve. 

Searki  fever,  altliough  a  very  prevalent  disease^  is  but  seldom  accompa- 
nied by  serious  eye-troubles,  but  wlien  they  do  occur  they  are  generally  of 
a  formitlable  character.  It  caused  but  1.75  j)er  cent,  of  the  cases  tabulated 
in  tlie  last  Uniti'd  States  census  report,  0.514  per  ct^nt.  of  the  general  table 
of  Maguus,  and  2.81  per  cent,  of  Ijis  cases  from  systemic  disease.  Seven 
of  the  thirteen  eases  tabulated  by  JIagnus  lost  their  sight  through  blen- 
norrhcea,  three  of  the  remaining  eases  presented  evidences  of  an  old  irido- 
ehoroiditis,  and  two  had  atrophy  of  the  optic  nerve  as  the  cause  of  their 
g<!a  r  1  et-  fe  v  er  1>I  i  u  d  ness. 

G'rebro-Bpinal  m^JiingUis  may  cause  severe  inflammation  of  the  uveal 
tract.  Both  the  epidemic  and  sporadic  forms  nuiy  be  complicated  with 
irido-choroiditis.  Usually  it  is  of  a  imrulent  chamcter  and  leads  to  shrivel- 
ling of  the  eye,  with  complete  blindness.  It  is  chiefly  met  w4th  iu  children 
under  five  years  of  age. 
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Erysipekm. — Neuritis  terminatlDg  in  blindness  soiiietim**s  ociairs  in  ery- 
eipelag  of  the  lioad.  Magnus  notes  two  sueh  eases  in  his  collect  ion  of  2528 
eases  of  blindness.  The  neuritis  was  produced  either  by  inflammation  of 
tlie  orbitid  eelhilar  tissue  or  by  coniplieatiun  of  erysipelas  with  meningitis. 

In  all  these  eiises  the  prophylactic  treatment  must  be  direetetl  to  the 
fundamental  disease,  not  to  the  secondary  affection  of  the  optic  nerve. 

Ptrf/naneifj  Childbed^  and  i/idrt/ion.—Under  this  head  are  indudc^d 
cases  of  blindness  wldcli  have  been  observiKl  as  consequences  of  pregnancy, 
the  puerperal  state,  or  lactation,  and  in  which  the  piTgnancy  or  lying-in 
apparently  ran  a  normal  course.  Of  this  class  Magnus's  general  table 
shows  ele%*CQ  cases,  or  0*431  i>er  cent.  In  three*  of  tliese  castas  blindness 
came  on  during  prcguaney,  in  seven  during  childly,  and  in  one  during 
lactation.  Magnus  gives  the  following  tidile  of  the  form  of  blindness  in 
these  cases,  and  includes  two  cases  of  albuminuric  retinitis  which  were  tabu- 
lated under  diseaaes  of  the  uropoietic  system,  thus  making  thirteen  in  all. 


BHndn€»9  following  Pregnancy. 

Form  of  BUtidne«. 

Pregfn&ncr. 

eyidbed. 

lAcUtlon. 

Optic  atrophy  .»..»...,t...^. 

1 
1 
2 
1 

4 
3 

1 

I  rid  ti- choroid  itis 

Alhuminuric  retinitis     *..♦ ,*,. 

Detachment  of  th<s  rt*tiiia  .,.*.»»        *,*.,., 

In  puerperal  fever,  as  wtII  as  in  certain  general  infections,  the  eyes  may 
be  lost  by  sup|»nration  starting  from  the  irido-i'lioroidal  apparatus, — tliat 
is,  by  metastatic  choroiditis.  Purulent  choroiditis  arising  from  metastasis 
from  some  deixjsit  of  pus,  Fuchs  believes  to  be  much  more  common  than  is 
generally  supposed,  and  he  has  often  observed  it  in  the  large  lying-in  hos- 
pitals of  Vienmu  As  patients  affec^tcd  with  it  are  very  seriously  ill,  and, 
as  a  ndc,  die,  the  eye-afreet  ion  attmcfci  but  little  attention,  anil  the  oc;uli.st, 
especially,  seldom  hears  of  it.  The  affectetl  eye  is  irretrievably  lost,  and 
not  uncommonly  lx»th  eyes  are  simultaneously  or  successively  attacketl. 
Notwithstanding  this,  the  number  of  those  rendered  blind  from  this  cause 
is  small,  for  very  few  of  those  who  have  the  serious  general  disease  recover 
from  it, 

St/phiiis  is  the  cause  of  many  eye-affections,  and  there  is  st^arcely  any 
part  of  tbe  eye  that  may  not  Lx?  invaded  by  it ;  but  it  seldom  produces 
complete  blindness.  Cniin  found  amouty  twenty  thousand  jiatients  but  1.15 
per  cent,  of  syphilitic  eye-disease,  and  Coccius  but  L16  per  cent,  in  his 
clinic.  Magnus  found  that  hut  0.47  per  wnt.  of  his  blind  cases  owed  their 
blindness  to  this  disease.  Of  the  twelve  cases  tabulati'd  by  the  latter 
observer,  two  ow^ed  their  blindness  to  optic  atrophy  and  ten  to  iritis  or 
choroiditis.  Many  other  cases  wiiich  had  a  syphilitic  origin  have  l>eeD 
manifestly  tatudated  under  other  headings,  and  they  include  atfectious  of 
the  choroid,  retina,  and  optic  nerve. 
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Scrofula, — According  to  the  Riia^iao  ^  census  figures,  scrofula  was  the 

cause  of  blindness  in  1.75  per  eeuL  of  the  leases,  and  in  the  last  United 
States  census  stTotoIa  and  other  blooiJ -diseases  are  credited  witli  5.75  per 
eent.  In  Magnuses  genera!  tuble  it  shows  only  a  percentage  of  0-039.  Ji 
is  in  fact  respunsible  ibr  a  mii(*h  larger  perot^utage,  but  many  of  the  cases 
due  t^i  scrofula  have  been  tiibuhitod  under  corneal  aftections.  Birch-Hirsch- 
fcld*  places  the  numlicrof  blind  from  sc^mfulous  ophthalmia  in  the  Saxony 
blind  asvlnms  as  six  per  oenL  of  the  total  numl>er  under  twenty  vcars  of 
age.  Scrofula,  however,  appears  to  be  responsible  for  many  eases  of  blind- 
ness of  which  it  is  not  tlie  direct  ciiuse ;  ini*hide<l  in  this  c^itegorv  are  manv 
of  tlic  eases  of  blindness  from  nieclaanieal  irritation  of  the  cornea  occurring 
in  subjects  who  have  sutfered  from  scrofulous  disease  of  the  cornea. 

Among  otiier  chronic  general  dmeases  which  cause  iujunt^  to  the  sight 
and  in  rare  cases  blindness  hit  leukaemia,  pcrnieious  anaemia,  seurv-^*,  albu- 
minuria, diabet4?s,  hysteria,  mchitis^ chronic  rhenniatistu,  and  gout.  In  none 
of  these  cases  is  special  prophylaxis  jxissible. 

Chronk  pokoning  was  i-espousible  for  but  a  single  case,  or  0.039  per 
cent.,  in  Magnus's  general  table. 

Tobacco  and  alct>hol  cause  aflections  of  the  optic  nerve  which  very 
rarely  lead  to  total  blindness,  but  all  tlio  more  frwpiently  Icj^d  to  impair- 
ment of  vision,  ending,  i>erbai>s,  in  atrojjhy  of  the  papilla.  The  noxious 
agent  in  tobacoo  is  nicotine,  which  is  found  in  larger  paiportions  in  the 
cheaper  qualities  of  tobacco,  which  are,  thcrcfoit',  the  mo  it  injurious.  Ac^ 
cording  to  Fuchs,  nicotine  htmted  to  2oO^  F.  is  volatilizt^l  and  dt*cumposed, 
but  if  watery  vapor  is  present,  volatilization  takes  place  witliout  decx)m- 
position.  When  dry  tobacco  is  smokt^l  die  giTater  part  of  the  nicotine  is 
decomposed  by  the  heat.  The  moister  the  tolxacco — and  the  cheaper  kinds 
arc  generally  damp^ — the  greater  the  tjuantity  of  nicotine  that  pass.cs  into 
the  smoke  wltli  the  watery  va|)or.  Chewing  tobacco  is  also  injuriou*?,  ns 
the  tobacco  us<xl  for  this  purpose  is  generally  ricli  in  nie<jtine, 

Tt>bicco  amblyopia  constitutes  from  OM  per  cent,  (Hirst^iberg)  to  one 
per  cent.  (Foerster)  of  all  eye-patients,  and  by  far  the  larger  nnniber  of 
cases  are  met  with  in  jk^-sous  over  forty  years  of  age. 

Bisulphide  of  carl)on  seems  to  produce  bliudness  in  much  the  same  way^ 
as  tobacx^K 

The  abuse  of  alcohol  sometimes  causes  amblyo]iia  the  symptoius  and 
course  of  whi*'h  greatly  resemble  those  of  tobacco  amlilyopia.  The  one 
case  given  in  Magnus's  table  was  due  to  alcoholism.  In  mijst  cases  tobacco 
and  alcohol  act  together  Fusel  oil  is  said  to  be  the  noxious  agent  in  pro- 
ducing al«>h<ilic  amblyopia. 

Chronic  lead  or  mci^curial  poisoning  sometimes  causes  optic  neuritis, 


*  Art,  Scrt>fulH|  Ziennsjjpn's  Hand-Book  of  Special  Patbolof;;j  and  Tbt^rapeutics,  New 
York,  1877|  voi  xvi.  p.  797. 
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from  wbioli   atrophy  of  the  optic   nerve  may  result,  and   sometimes   an 
alburaiiiune  rt?tiiiitis  secondary  to  the  kfdney -trouble. 

Suake-bite  is  mentioned,  on  the  authority  of  Leber,*  as  responsible  for 
one  case  of  double-sided  blindness. 


influence  of  occupation  on  eye-disease. 

The  affet^tions  of  the  eye  in  their  relation  to  m^cupation  may  be  di- 
vided into  the  traumatic  and  tlie  non-ti"aumatic.  The  chief  of  the  latter  is 
myopia,  wliieh  is  the  eye-defect  of  study,  but  certain  trades  which  recjuire 
minute  antl  1  on o^-eon tinned  looking  at  objects  close  to  the  eye  alsr*  tend 
to  render  the  eyes  myopic.  Cohn  examined  the  *_n'es  of  a  large  number 
of  artisans  in  Breslau,  and  lound  among  watchmakei's  nine  and  seveo- 
tenths  per  cent,  of  myo{>es ;  gold-  and  silver-workers,  twelve  per  cent. ; 
lithogra|>l)ers,  forty-five  per  cent.  ;  compositors,  fifty -one  per  cent. 

Emmert"'^  found  iii  four  Swiss  watchmakers'  s^'liools  tlie  j>roportion  of 
myopes  was  even  higher, — namely,  fourteen  per  wnt,  Other  trades,  such 
as  engravei-s,  tai lei's,  seamstresses,  shoemakers,  needle-makers,  etc.,  are  also 
conducive  to  myopia. 

The  statistics  of  myopia  show  very  convincingly  the  danger  which  the 
eyes  incur  in  continuous  ust3  for  near  work.  Seidelmann  holds  that  those 
occnipations  which  thus  throw  the  largest  amount  of  strain  upon  the  eye 
give  a  large  jxnTcntage  of  i?asf^  of  those  forms  of  blindness  which  are 
developed  from  myopia, — viz.,  detachment  of  the  retina  and  central  reti- 
nitis ;  but  Magnus  thinks  tbat  we  have  not  yet  obtained  sufficient  stxitistical 
data  to  enal4e  us  to  reach  a  di- finite  conchisiun  upon  this  jwint. 

Myopia  in  the  majority  of  cases  remains  stationary''  at  a  low  degree ; 
but,  on  the  other  hand,  in  a  certain  minority  the  short  sight  attains  such 
a  height  that  it  seriously  tlireatens  to  destroy  the  sight  in  the  c<)urse  of 
time.  The  cases  of  absolute  blindness  as  a  eonsctinenee  of  short  sight 
are  rare  in  comjiarisou  with  the  large  number  of  myopes.  According  to 
Magnus,  choroiditis  e  myopia  luruishes  0.94  per  cent,  of  the  blind.  To 
these  may  be  added  a  portion  of  the  cases  of  detachment  of  the  retina, 
whicli  altogether  constitute  5.68  per  cent,  of  blind  persons.  On  the  otfier 
hand,  muc!i  more  numerous  is  the  numljer  of  myoj>es  who,  as  they  grow 
older,  have  their  sight  become  so  much  iinpaireil  as  to  render  them  incapa- 
ble of  self-snpixirt.  Cohn,  in  his  statistics,  includes  all  eyes  which  are 
useless  for  work,  lie  gives  the  percentage  of  cases  of  detachment  of  the 
retina  as  a  consef|uence  of  myopia  as  4,6  \wv  cent,,  of  retinitis  centralis  e 
myopia  as  6.3  per  cent. ;  so  that  myopia  is  the  cause  of  10  per  cent,  of  all 
cases  of  blindness  of  one  eye. 

The  i>re  vent  ion  of  the  disturbances  of  vision  caused  by  short-sighted- 
ness and  followed  by  amaurosis  is  identical  with  the  prophylaxis  of  my- 


llandbucli  d.  £j<».  Augenh.f  v,  ii.,  s.  890, 
'  Nagels  Jahre^bericht,  1877,  s.  368. 
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opia.  The  serious  dangers  to  the  eyes  which  may  arise  diiriug  the  period 
of  school  life,  and  the  means  for  their  prevention,  are  well  known,  and  this 
fiiibjeet  19  given  full  eons idemt ion  in  another  jiart  of  this  work.  The  eicr- 
ciae  of  the  pruper  liygienic  precautions  there  described,  both  at  home  and 
in  school,  and  proiier  physical  cure  of  the  body,  are  the  principal  factors  id 
the  prophylaxis  of  myopia. 


THE  PREVENTION   OF   BLINDNESS, 

In  studying  the  prevention  of  blindness,  Cohn  ^  arrajiges  his  statistics 
into  three  series.     In  the  fird  he  includes  all  the  t^ses  of  atniphv,  inflam- 
mation  of  the  retina  and  ojitie  nerve,  tumors,  typhoid,  diphtheria,  and  rn^n- 
geuital  bhndness, — that  is  to  say,  the  chief  causes  of  blindness  which  are 
absolutely  Ineurable.     In  the  semnd  are  collected  the  cases  of  detachment  of 
tlie  retina,  central  inflammation  of  the  retina  in  myopia,  and   all  cases  of 
inflammation  of  the  iris  and  cornea  in  which  a  cure  is  possible  under  proper 
treatment;    furthermore,  all   uusuocessful  operations,  half  of  all   injuries, 
and  all  blindness  from  unknown  eau.sea, — ^that  is,  blindness  which  mf^hi 
pomihiy  have  been  prevented.    And  in  the  third  series  are  embraced  the  other 
half  of  injuries,  all  cases  of  blennorrhoea,  all  cases  of  acute  glaucoma,  all 
cases  of  syphilis,   trachoma,  and  variolous  inflamraation, — that    is,   cases 
which  could  have  l>een  prevented  by  pro]>er  prophylaxis,  or  in   their  be- 
ginning could   have  been  cured   by  proper  treatment.     From  this  study 
Cohn  reaches  the  lamentable  conelnsion  that  among  1000  blind  there  were 
only  225  unavoidable  cases,  449  that  were  possibly  avoidable,   and  32t! 
cases  that  were  absolutely  avoidable ;  or,  in  other  words,  that  one-third  of 
the  eases  of  blindness  are  absolutely  preventable  ;  and,  as  all  cases  of  eye- 
injury  do  not  lead  ta  blindness,  it  may  be  sjifely  assumed  that  a  still  lar^r 
proportion  of  cases  of  eyeMiisease  are  curable. 

Steffan  and  Rijssler  have  arrived  at  similar  conclusions,  and  they  reckon 
the  cases  of  blindness  from  curable  causes  at  40  per  cent,  of  all  cases  of 
blindness.  Durr,  in  1885,  found  among  the  pupils  in  the  blind  asylum  at 
Hanover  that  in  46  per  cent,  the  blindness  was  unavoidable,  in  14  per 
cent,  it  was  questionable  as  to  its  avoidableness,  and  in  40  per  cent,  it  was 
certainly  avoidable.  Hasket  Derby  ^  found  that  in  the  183  inmates  of  tlje 
Perkins  Institution  for  the  Blind  in  South  Boston  personally  examined 
by  him  there  were  fifty  cases,  or  27  per  cent.,  of  preventable  blindness, 
Herrenheiser,  in  1888,  out  of  3735  eases  of  blindness  in  Bohemia,  foimd 
23  per  cent  unavoidable,  45  per  cent,  possibly  avoidable,  and  32  per  cent, 
certainly  avoidable,  Tronssean,  in  examiuing  627  cases  of  blindness  in 
the  Hospice  National  des  Qui uze- Vingts,  found  that  31.26  per  c^*nt.  were 
absohitely  nuavoidable,  39.23  f)er  cent,  were  possibly  avoidable,  and  29,51 
per  cent,  w^ere  certainly  avoidable. 


*  Lehrbuch  der  Aug^nhoilkundCf  i.  760. 

"  Boeton  Medical  and  Surgical  JoarnAlf  1869,  cxxi.  p,  402, 
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If  it  be  admitted  thiit  blindness  a>uld  have  been  avoided  in  cme-third 
of  the  cases  in  whicli  avoidability  wiis  rcgardeil  as  uncertain,— and  this  js 
certainly  a  eonservative  estimate, — thon  blindness  ooidd  have  l>een  pre- 
ventel  in  46.27  per  cent,  of  the  whole  number  of  eases  tabulated  by  the 
above  t^bservem. 

In  corroboration  of  his  views  on  avoidable  blindnessj  Cohn  cites  the 
statistics  of  70,174  cases  of  eve-disease  from  his  Wiesbaden  clinic  in  1887. 
Of  preventable  causes  of  blindness,  he  found  : 

Cases.  Per  Cent. 

Bletinorrhosa 735 

Scrofula 12,910 

Tnichama , 3^846 

Variola 7 

Slmbliiniua  and  asthenopia  from  hjpennetropia    »   .   «   .    .  1,163 

Myopia 12,462 

Onanwm .   ,    . 208 

Syphilis ,  367 

Alcohol  and  tolwieoo  indulgence 188 

Dazzling , 80 

Injuries 3,703 

86^598  60.73 

From  these  he  deducts  one-half  of  the  cases  of  myopia  and  of  inju- 
ries as  not  curable, — that  is,  8077, — leaving  27,621,  or  39.22  per  cent., 
as  avoidable. 

THE   DIMINUTION    OF   BLINDNESS, 

A  large  proportion  of  cases  of  blindness  are,  as  we  have  seen,  unquc^ 
tionably  preventable,  and  with  our  better  knowledg:e  of  the  {mthology  and 
treatment  of  eye-aiTeetions  we  have  reason  to  believe  that  the  proportion  of 
cases  of  blindness  is  steiidily  diminish in^j,  and  this  belief  is  confirmed  by 
tlie  census  statistics  of  countries  for  which  we  have  records  for  a  series  of 
dec^dt*s.  The  figures  of  the  UnittHl  States  census,  prior  to  1880,  are  stated 
to  be  worthless  so  far  as  calculations  of  ratios  of  blind  to  population  are 
conoemed. 
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In  1880  there  were  970  blind  to  the  1  ,OOO^OCK)  of  pcipulatioti. 
In  1S90  there  were  808  blind  to  the  1  ,(X)O,0O0  of  population. 

In  England  imd  Wali^  there  has  Wn  a  steady  proportionate  decreaae 
in  the  rati€>  of  the  bUud  to  the  general  pojudation  wilh  each  suoeussive 
decade.     Thus» 

In  1851  there  were  1021  blind  to  the  1, 000,000  of  papulation. 
In  18111  ihere  were  964  blind  to  the  L000,000  of  population. 
In  1871  them  wnre  051  blind  to  ih^  1,000,000  of  jK)pu1at!on. 
In  1881  therv  were  879  blind  to  the  1,0(X»,(J1X)  of  pupulntioii. 
Ill  1891  there  were    800  blind  to  the  l.(M)0,OrX)  nf  p>puliaion* 

The  extent  of  tlie  decrease  in  England  and  Wales  may  be  stated  in  the 
following  form.  Had  blindness  been  as  coniraon  an  affection  in  thr»!^ 
eountrit^  in  1891  as  it  was  in  1851  there  wotdd  have  t)een  29,609  blind 
inhabitantii  ini^tead  tif  23,407,  or  26,17  i>er  eent.  more. 

In  Scotland,  wljile  the  decrease  has  not  been  so  regular,  it  has  been 
steady.     Tluis, 

In  18^1 1  there  were  920  hlind  to  the  l,OrK»JXM>of  population. 
In  1871  there  wer<^  809  blind  to  the  l,000,(>rM)  of  in-puKtion- 
In  1881  there  weiti  845  blind  to  the  I.OtH),000  of  poptdation. 
In  181*1  ther^i  were  mS  blind  to  the  1,000,000  of  populfttion. 

The  same  is  also  true  of  Ireland,  whem 

In  1861  there  were  1289  blind  to  the  1,000,000  of  popuktion. 
In  1871  there  were  1174  blind  to  the  1,(M>0,01K)  of  p.»puhition. 
In  1881  Ih^re  wom  1180  Wind  to  the  1,0(M>,{KI0  t>f  jj4>pufHtion, 
In  1891  there  were  1135  blind  U>  the  1,000,000  of  (iK.pidiition. 

Tliis  diminution  is  also  shown  in  the  wnsus  retin-ns  of  other  countries. 
Thus,  in  Prussia,  in  1871,  there  were  932  blind  to  the  l,OtX),000  of  popu- 
lation ;  in  1880,831.  In  Saxony,  in  1871,  790;  in  1880,  710.  In  Hol- 
land, in  1864,  600;  in  1889,  440,  In  Austria,  in  1880,  940;  in  1890, 
810.     In  Italy,  in  1861,  952;  in  1871,  1049  ;  in  1881,  761. 

There  has  be<-»n,  unquestionably,  a  gratifying  diminution  in  the  number 
of  the  blind,  as  well  as  a  shortening  of  the  period  of  blindness,  due  to  tlie 
prcH^ressive  impnjvenient  in  nur  knowledge  of  tlie  pmper  treatment  of  the 
affeetiDns  of  the  eyes,  and  particularly  of  tlje  oplitlialmia  of  the  new-born 
iutaut,  to  the  dtminishetl  piTvalenee  of  sraall-pox  on  account  of  tlie  general 
praetiee  of  vatvination,  to  which  a  conBiderable  number  of  cas4?s  of  blind- 
ness was  formerly  owing,  and  to  tlie  greater  care  taken  against  the  occur- 
rence of  injurres  to  the  eyes  in  factories  and  workshops.  The  decrease  from 
tlie  latter  raus(%  however,  has  not  iDeeu  nniform  in  all  ocscufMitions^  and  tliere 
has  Ix'en  |>robab!y  an  increase  in  tlie  uuml>er  of  l>Hnd  among  workers  in 
certaiu  trades,  such  as  locomotive  enginet^rs,  iron -pud  tilers,  and  glass-blowers. 

In  conrluding  this  article  the  autlior  takes  pleasure  in  expressing  bis 
deep  obligation  to  the  valuable  and  exhaustive  work  of  Magnus,  to  which 
he  has  constantly  i-eferred  in  its  preparation. 
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The  great  practical  revolution  brought  about  by  antisepsis  in  the 
raanagenu'ut  of  woiintl  infei'tinii  should  always  furnish  uu  iufentive  to  the* 
student  m-eupitil  in  scientific  investigation  which  may,  for  our  time,  apiiear 
to  be  of  nwre  theoretical  interest ;  for  we  know  that  the  Listcfian  itk'a  was 
based  on  purely  scientific  facta  deducecl  from  the  researches  of  Pasteur; 
andj  although  the  details  of  Lister's  treatment  have  Ixn^n  replaaxl  by 
measures  whicli  maturer  experience  has  sliown  to  l>e  better  suited  by  tlie 
purpose,  it  must  remain  the  immortiil  merit  of  Lister  to  have  inaugurate*! 
the  method  of  wound  treatment  wliicb  to-day  furnishes  the  surgeon  witli 
such  potent  means  for  saving  human  life. 

The  agents  of  infection  and  the  individual  exposed  to  infection  consti- 
tute Rueh  varying  and  often  complicated  factors  in  the  study  of  wound  in- 
fei-tion  that  it  were  vain  to  attempt  here  an  exhaustive  treatment  of  tlie 
quastiuns  iavoK^cd  in  the  eousideration  of  the  subject;  moreover,  our 
knowlalge  does  nc>t  justify  such  an  attempt.  It  will,  tlierefoTC,  be  our  aim 
to  present  briefly  the  facts  furnished  by  our  present  koowk'dge  cxnifXTning 
some  of  the  more  imixtrtant  questions,  and  to  indiaite  the  practical  lesson 
deduced  from  experience  in  the  prevention  and  treatment  of  ^vonnd  infection. 

There  ean  now  l>e  no  doubt  as  to  the  importiiuce  and  UfX't^ssity  of 
antisepsis  in  eye  surgery.  Sir  Joseph  Lister  long  ago  furnisluHl  proof  that 
purulent  inflammation  following  an  injury  is  caust^l  by  inm-ulation  with 
micro-organisms  in  the  wound.  We  have  since  then  Icarnct!  that  the  capa- 
bility of  nucro-organisms  to  give  rise  to  irdlanunation  and  diseast^  in  general 
depends  upon  the  production  of  certain  poisonous  substances  known  as 
toxines.  It  has  also  been  demonstrated  l)y  numerous  investigators  that 
dead  bacteria  of  many  different  species  give  rise  to  snppumtion  when 
injected  subcutaneously.  We  have  further  learned  the  erTOueousness  of 
the  belief  that  suppuratiim  is  always  dependent  on  the  presence  and  acti<ju 
of  micro-organisms,  fi>r  it  is  now  well  cstid)lished  by  cxjx'riments  that 
certain  chemical  substimces — i.e.,  quicksilver,  oil  of  turpentine,  etc. — in- 
trmluce<l  iMiieath  the  ekin  give  rise  to  the  formation  of  pus,  quite  inde- 
pendently of  micro-organisms,  but  that  this  pus  has  nut  the  same  power 
of  extension  as  that  produced  by  the  action  of  micro-organisms,  because 
the  latter,  being  living,  active  organisms,  multiply  and  spread.  But  these 
investigations  have  refuted  the  belief,  which  once  prevailed,  that  all  foreign 
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substances  introduced  into  the  tissues  of  the  body  must  give  rise  to  inflam- 
mation ;  for  it  has  been  shown  that  ehemieally  inert  substances,  steriliziil 
by  heat  and  introdot'ecl  into  the  body,  do  not  give  rise  to  inflamroation 
in  eonsecjoenee  of  eheiiiii^l  action-  If  sueb  inert  substances  excite  punj- 
lent  inflammation,  the  latter  is  due  not  to  the  action  of  the  foreign  body 
Itself,  but  to  micro-organisms  introduced  with  the  foreign  hody  or  which 
have  entej'ed  tlie  wotmd  sulisei^nently, 

Leber  has  shown,  in  a  simjde  experiment,  that  if  a  suitable  piece  of  glaas 
or  gold  be  introduced  through  a  small  wound,  made  under  due  antiseptic 
precautions,  into  a  rabl>it's  eye,  uu  iuflimimation  is  excited,  and  that  the 
foreign  hydy  may  l)e  seen  for  months  or  years  afterwards,  free  and  in  an 
unclouded  fluid.  Degeneration  and  prolifemtion  may  be  excited  in  the 
tissues  of  the  eye  by  such  inert  loreign  iMxlies,  Ijut  they  are  unlike  those 
following  an  infected  wound-  Experiments,  thei*eiure,  prove  that  not  only 
the  products  of  micro-or|ranisms^  but  also  pure  chemical  substances,  are 
ea|3able  of  excitiug  purulent  inflammation. 

It  has  Ix^n  demonstrated  that  a  nnmber  of  species  of  bacteria,  either 
living  or  in  sterilijstKl  cultures,  give  rise  to  suppuration ;  but  it  has  also 
been   shown   that   the   most   impoiiant   si>eeies  of  bacteria  concerned    in 
the  formation  of  pus  (at'ute  al)s<*esses,  furuueles,  etc,)  are,  in  the  order  of 
their  occurrence,  stai^hykox^us  pyogenes  aureus  and  staphyloctx^cus  pyo- 
gtiues  albus,  staphylococcus  pyogenes  citreus,  staphylococcus  cereus  flavus^ 
mierococinis  tetragenus,  microccK'cus  pueumouia^  eronposae.     We  niay^  find 
two  or  more  species  in  tlie  same  abscess.     li*  a  decoction  of  any  one  of 
tbcfie  species  be  prepared  in  distilled  water  and  all  life  be  destroyed  by 
heat,  it  still  produces  an  active  purulcut  inflammation  when  injected  under 
tlie  skin  or  into  the  anterior  chamber  of  the  eye.    Hence  it  is  assumed  that 
the  action  of  micro-orgtmisms  is  dependent  on  chemifal  energy.     Thuti, 
al>sccsses  containing  sterile  pus  have  been  produwd  with  subcutaneous  in- 
ject i o us  of  agar  c ul  tu  res  o f  t h e  a n  1 1 1  i*a  x  Ixici  1 1  us  s te r i  1  i zvd  I  )V  hea t  ( Wy sso^  < 
kowitsch*).     The  same  thing  lias  been  dune  with  stcnlizetl  cultures  ofi 
Friedliinder^s  bacillus  pueuniocfK'cus  (Buehner '),    Similar  iTsults  have  been 
prnducxnl  with  a  numlM-r  of  diifercnt  species.     luasomcli  as  tlie  clear  fluid 
obtained  after  filtration  of  |)ure  cultures  was  without  effcc^t,  while  the  dead 
bacteria  which  did  not  pass  through  the  filter  producetl  a  sterile  purulent 
infiltration  when  injwted  into  the  siilM'utan<x>us  tissues,  Buchiier  (X>ncIudeHl 
that  the  pus  formation  is  nut  due  to  a  chemical  substance?  proclut^Hl  by  the 
bacteria,  but  that  this  property  belongs  to  the  albuminous  contents  of  the 
bacterial  cells. 

It  has  l)eeu  found  that,  in  spite  of  rigid  antisf^jitic  precautions,  micro- 
organisms are  found  attached  to  sutures  removetl  from  wounds  made  by  the 
surgeon,  and  that  the  s<>-(^alled  skiu-abscesa  in  such  cases  ia  caused  by  the 


^  Uftber  den  TJrspning  der  Eitemng,  Vr«ch,  1887,  S.  067. 
*  CentTftlb,  f  Btikteriolngio,  1890,  Bd.  viii.  S.  32L 
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staphylococcus  epidermidis  albus  (Welch  *).  This  baeteritim  has  but  slight 
virulence. 

We  have  learned,  espwjially  from  the  uivesttgatious  of  Metehnikoff, 
that  in  eeitain  infeetious  disoiLses  due  to  hacteria  the  miero-organisms  at 
the  |X)iDt  of  inocnlatioa  or  in  the  general  drculation  of  the  blootl  are 
picked  up  largely  by  the  leucocytes,  and^  it  is  believed,  in  many  instances 
deBtroyetl  in  their  interion  This,  at  k^ast,  is  the  the<-)ry  of  phagocytosis. 
The  lyniphoeyte,  however,  has  never  been  observed  to  take  up  bacteria. 
We  now  have  ex j:)eri mental  pnwf  that  blood-serum^  independently  of  cel- 
lular elements  wmtairjed  in  it,  has  germieklal  power  for  c*ertain  pathogenic 
bacteria;  but  in  the  experiment!?  that  have  been  made  more  recently  to 
determine  whether  pathogenic  l>aeteria  are  destroyed  by  the  leucocytes 
which  have  picked  tlieni  up,  di  tie  rent  investigators  have  been  led  to  dif- 
ferent results.  We  cauuot^  thereibre,  consider  the  question  as  detinitively 
settled.  Tiie  germicidal  power  of  blood  as  well  as  uf  sernm  is  destroyed 
by  exp<.>sure  for  ao  liour  to  a  temjierature  of  oo^  C*,  but  freezing  does  not 
destroy  this  power  of  bkKxl-serum. 

For  pmetieal  purposes  we  may  assume  that  purulent  inflammation  as 
met  with  by  the  surgeon  always  depends  on  the  presence  of  certiiin  forms 
nf  l>aeteria ;  /.*.,  the  presence  of  certain  varieties  of  bacteria  is  an  essential 
conditiim  of  wound  infection. 


WAYS   BY    WHICH   PATHOGENIC  BACTERIA    MAY   REACH   A   WOUND. 

A  variety  of  ruicroHjrganisms  are,  under  certain  conditions,  present  in  the 
air.  Cocci,  bacilli,  tornla  eerevisite,  and  moidd  f*mgi  ai'e  common  inhabitants 
of  the  air,  and  are  genemlly  found  together ;  but  all  these  are  present  in 
fluctuating  nuniljcrs,  the  fluctuation  dejiending  on  the  same  conditions. 
The  air  of  large  eiticw  is  richer  in  germs  than  tliat  of  the  country  ;  in  wet 
weather  they  are,  as  a  general  thing,  less  niunemus  than  in  dry  weather; 
aud  thvy  are  less  nvmierous  in  calm  than  in  stirring  air< 

But  it  is  not,  as  was  f<>rmerly  supposed,  the  atmosphere  that  hatches  out 
and  harbors  the  germs  in  tl>e  tirst  place  and  gives  rise  to  infection  second- 
arily :  it  is  rather  tlie  opposite  state  of  things  that  obtains.  Microbes  thrive 
in  organic  material,  and  leave  this  to  enter  the  air  only  under  certain  con- 
ditions. All  the  conditions  which  micro-organisms  require  in  order  to 
multiply — i\e.,  warmth,  moisture,  and  nutrient  materials — are  not  found  in 
the  air.  The  atniospliere,  therefore,  is  an  unfavorable  retrt^at  for  micro- 
organisms. The  breath  dot^  n^it,  as  was  sliown  by  Tyndall,  contain  niicro- 
organisnis.  Bacteria  do  not  escajx'  into  the  air  from  the  surface  of  fluids 
rieli  in  mien>or|iauisms,  but  the  deposit  of  such  fluids  resulting  from  change 
of  level,  etc.,  may  l>e  ricli  in  bacteria,  atid  wlicu  dried  furnishes  material 
which  is  readily  carried  into  the  air  when  the  latter  isdisturbt^l  by  draughts, 
etc.,  and  in  tin's  way  l>e<:?omes  a  source  of  danger.  It  has  been  shown  that 
foul-smelling  air  often  contains  fewer  germs  thau  that  which  passes  for  pure  ; 

^  Tmna.  Cong.  Aitier.  Phyn.  and  Surg^.^  iSi^l,  vol,  11.  p»  21. 
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thus,  the  stinking  air  of  privieis^  ilo,,  h  often  bacteriologioally  purer  tlifl 
the  air  of  the  streets  and  dwellings  (Sehimmelbusfii),  Tyndall  *  hasshovm 
that  in  a  closed  vessel  in  which  the  air  is  |X'rfectly  still  all  suspended  par- 
ticles are  soon  deposited  on  the  bottom  of  the  vessel.  This  is  but  exj^en- 
mental  proof  of  the  well-known  iliet  that  the  dust  of  the  air  is  carried  by 
the  wiikI  from  exjxised  surihces,  and  is  again  deposited  when  the  air  is  at 
rest.  For  example,  Neumann,'-  whose  researches  were  made  in  a  hospital* 
found  the  greatest  number  of  bacteria  in  the  air  in  the  nioming  alTter  the 
patients  had  left  their  beds  and  the  wai-ds  had  been  swept.  Thus,  the  dust 
of  u  rooui  in  whicli  a  patient  with  pulmonary  consumi>tion  exi>ectonit€S 
oeesiiiionally  upon  tlie  floor  contains  tubercle-bacilli.  Tlie  stapbyl*x?oeens 
pyogenes  aureuSj  which  outranks  in  point  of  frcipieney,  and,  therefore, 
importance,  all  other  bacteria  wliicb  produce  suppuratiou,  has  fj-equontly 
been  found  in  the  dust  Hoatiug  in  the  air  of  sargiral  wartls  where  there  are 
suppurating  wounds.  The  streptococcus  of  erysipelas  has  been  found  in 
the  air  of  a  waifl  eoutaiuing  erysij>clas,  Tliercfore,  while  the  dust  of  tlie 
atniosphei-e  may  Ije  harmless,  it  may,  from  various  cau.ses,  contain  bacteria 
which  are  capable  of  producing  disease. 

It  has  been  shown  tliat  a  number  of  species  of  micro-orginiisnis  may 
give  rise  to  soppumtinn  in  a  wound,  but,  as  has  been  pointed  out  by 
Ogstou,^  Rosen Ijaeh/  I^is.st^t,'  and  cithers,  tfuit  a  tew  species  are  generally 
eoneenied  in  the  formation  of  pus,  and  tliat  of  these  the  two  most  injjxirtant^ 
because  they  are  most  fnxpicntly  (bund  nud  have  the  greatest  pathogenic 
power,  are  staph}  loerw^c us  pyugenes  aureus  and  strept^iccMxua  pyogetiws  ; 
next,  staphyloeoeeus  pyogenes  albns,  and  oet*asionally  staphylococcus  pyo- 
genes citreus.  stapliylot^ocM^is  cercus  flavus,  stapliylot^jccus  cereus  all>us  ;  nil 
of  which,  together  witli  other  pyogenic  and  patliMgenie  bacteria,  have  been 
shown  to  \m^  occasionally  prest^nt  in  the  air.  Therefore  we  cannot  afford  to 
disregard  the  air  as  a  possililc  and  probable  source  of  infection  ;  and  if  Von 
Volkmann  actually  made  the  statement  which  haslieen  attributetl  to  hira, — 
i,e.y  "  Auch  auf  einem  Abtritte  wiirde  ich  dreist  ojieriren  wenn  die  Hande 
rein  wilreu/* — it  sliould  \ye  regarded  only  as  emphasizing  the  actual  tnith, 
io  which  there  is  nowgencml  agreement  of  opinion,  that  the  greatest  danger 
to  a  wound  is  contact  with  infected  hands,  instruments,  and  other  objects, 
and  that  surgeon  will  act  most  stricily  in  conformity  with  the  best  teachings 
based  upou  haetei'inlogical  facts,  who  gWvi^  due  reganl  to  the  influence  of 
currents  of  air  and  commoticm  in  the  operating-room  in  stirring  up  dust, 
and  will  have  the  rmim  so  constructed  that  the  walls  and  flixjr  and  all  that 
IB  in  the  room  can  be  readily  cleansed. 


^  On  the  Floftting  Mutter  of  the  Air  in  Relutie>n  to  Putrefaotioii  And  Infection. 

«  Vivrtelj^thrsschria  t  genditL  Med.,  etc.,  18S6,  Bd.  xliv.  S.  810. 

'  Report  upon  Miero-Oipiiiisms  in  Surt^ien!  DkeaBes^  Brit.  Med.  Jo^ir,,  1881,  i.  36P 

*  Mikrf^i^finiamea  bei  den  WuudJiifektioDskninkheiteri  dee  MeascheaT  Wiesbaden, 
1884. 

*  Ueber  Mikpoor]c:atiismen  der  eitrigeri  Zellg€weba«nt2undung  de«  Mensehon,  Fort- 
acbritteder  Med.,  1886,  No.  2,  8.  68, 
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Auto -Infection* — Tt  is  known  tluit  pvogenir  cocci  are  often  present  in 
the  alimentary  ranai,  In  Icsiuiis  of  the  iutestinal  miKuju^  mcuibrane,  such 
as  ulc-eration,  diphtheritis,  hemorrhage,  and  traumatism,  there  is  frequent 
invasion  hy  py*>gcnic  ciK'ci.  Tlicrcftire  we  may  ex|ihiin  tiie  invasitm  by 
tbe^e  cocci  in  sucii  diseases  asdiphtlicria,  s<iirlet  tever^  typhoid  fever,  etc.,  by 
assuming  that  tht^e  lesions  o|)en  a  way  lor  the  baetei'ia  into  the  circulation, 
and  that  the  toxic  suhstances  in  the  hcxly  l>elonging  to  the  primary  dis*?ase 
in  some  way  weaken  the  power  of  the  tissui^  to  resist  tlie  aetion  of  bacteria, 
liinne*  injtH-ted  sterilized  jmtrid  Huids,  tc^gether  with  htapliylotx)eci,  into  the 
peritoneal  cavities  of  dogs.  In  these  eases  ail  oi>en  wounds,  which  other- 
wise IjcahMl  kindly,  siippnratcHl  ;  the  snhcntaneoiis  wounds,  however,  were 
unatfcx'tiHl  ;  hat  flie  hfu'tcrin  found  in  the  sii|»puratinLr  open  wounds  were 
derived  from  the  air.  However,  Kinne's  conclusion,  that  such  wounds  may 
ntit  licaunc  inik'tc<l  from  pyo^^enie  *'tH'ri  in  the  circulation,  lias  litvn  dis- 
proved by  the  experiments  of  l)e  Wildt*  and  othei"s,  who  have  demou- 
strated  that  infection  may  take  place  in  this  way. 

Infection  from  Skin  of  Patient  and  Operator* — The  &kin,  like  the 
mucous  lining  of  the  moutb,  may  have  all  kinds  of  bacteria  on  its  surface; 
but  the  prevailing  organism  in  ttie  skin  appears  to  Ix^  the  stapliylocoeeus 
epidermidis  albus  of  Welch ^*  and  this  cowus  is  found  in  parts  of  the  skin 
tf»o  deep  ti>  he  rcachetl  by  any  means  of  cntaucons  disinik'tion  which  may 
be  sately  emjilnytJ*  Welch  regards  this  coccus  as  a  nearly  eonstant  in- 
habitiint  t»f  the  epidermis.  It  jjossesses  feeble  pyogenic  power.  The  pres- 
ence iif  this  connis  in  the  dceptT  layers  of  tfie  epidermis  explains  the  oeeurrentTJ 
of  stitch  abs<'ess<s  wlien  every  possible  antiseptic  prerautinn  has  Innm  tiiken, 
Bossowbki^  found  from  bacteriological  examination  that  of  fifty  fresh 
wounds  treated  antiseptirally  ten  were  with  negative  and  fotlv  with  positive 
result.  He  tound  the  staphylococcus  albus  twenty-six  times,  the  stapliy- 
loeoccus  aureus  nine  timeSj  the  staphylococcus  pyogenes  twice,  and  other 
orgauisras  (nnn-pathngenic)  eight  times.  The  healthy  mucous  surfaces  of 
the  eye  and  its  appendages  are  similarly  visited  hy  micro-organisms. 


MICRO-ORGANISMS   OF   a>NjnNCTlVAL  SAC  OF   HEALTHY    EYE, 

Fick,^  Michel,^  fiombcrt/  Van  Geuderen  Stort»^  Ijt-lw^r,*  and  others 
have  shown  that,  as  a  nik\  few  bacteria  are  present  in  the  healthy  cimjunc- 
tival  sac ;  on  the  other  hand.  It  has  been  proved  that  the  apparently  healthy 


*  Ueljer  den  EiteruuE?Hpiv.K?es8  u.  mmv  M<Httstii»en,  Berlin,  1889,  S.  61. 

"  Abj^tnut  in  CentrulMtitt  f.  pntb.  Anat.,  1890,  Bd.  i.  8.  9,  ^  t>p,  cit.|  S.  2L 

*  Wk'hcr  Med.  Woebt^nftchr.,  1887.  No,  P,  S.  258. 

*  Uobi?r  Mi.kn)iir|Efaniftnifn  inj  Conjuiictiviilsackj  Winsbwden,  1887- 

*  Lohrbuch  dc-r  Auirenh^Uk.,  1890.  4S,  784. 

'  Rf'cbrrrbcs  fxpc?rinnLMiUd«'S  jiur  Ich;  Microbes  dm  Conjonctives  &  I'etat  nonnn.U     PuV 
Iblied  by  Mftj^Rfui,  Pari?,  1880. 

*  Utdwr  die*  nieolmnij^Lbi?  Bedeutang  der  naturlichen  Irrigifction  des  AiigeS|  Aroli.  L 
Hygiene,  1B9U  Bd.  xiii.  S.  S95. 

*  Ueber  dio  Entsiehung  der  Entaiindung,  Leipzig,  1890,  8.  186. 
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conjimrtival  sac  may  cDiitain  micro-oriranisms,  even  those  that  are  pathogenic. 
Aj^aiii,  Fifk,  Wwks/  Gayet,^  LiAier/-  aiul  Boniheim*  have  intrciduced  pure' 
cultures  of  staphylocotxiis  pyogenes  aureus  iDto  the  conjunctival  sac  of 
man,  and  no  rtniction  has  toll  own!. 

In  unler  tu  Ktiuly  the  hiirmli*ss,  n  on -pathogenic  micro-organisms  in  the 
conjnuetival  sae^  Fiek  examined  the  sef^re^tiou  from  eighty-five  eyes  of  fifty- 
seven  benefieiai'it^  of  the  Julius  llospitiil  at  Wurzljurg,  who  eithtir  luid 
normal  eyes  or  only  a  chronic  catarrhal  affwtion.     In  unly  six  of  the  eiglitv- 
five  cases  were  no  micro-organisms  found.     In  only  one  insttinee  irere  both 
eyes  free  from    Ijactcria.     Bacilli  wert*  most   frequently  met  with    in    the 
secretion  of  healthy  conjuntiiva*.    Of  tbe  eighty-five  conjnnctivje  exainiued, 
forty-nine  were  normal^  in  thirty-uiue  liacilli  were  found,  and  in  nine  bacilli 
and  cocci  ;  in  thirty-six,  which  were  pathological,  bacilli  were  found  in  all, 
and  in  twcnt}"  bacilli  and  cocci,     Coct»i  al<»un  were  not  met  with  in  any  case. 
To  mei^t  the  objection  that  the  ahnost  constant  pix^seut>e  of  bacilli  might  be 
a  pet^uliarity  of  the  Julius  Hospital,  Fick  also  examintxl  the  secretion  from 
tlie  healtliy  eonjunctivic  of  twenty-six  persons.     In  eighteen,  ljar*teria  wci-e 
found  ;   in  the  rcmainiug  thirtv-futir,  however,  no  micro-organisnis  wx*i*e 
foimd.     In  fifteen  of  these  cases  he  found  bacilli,  in  seven  bacilli  and  diplo- 
coeci,  and  in  two  tetrades,     IjclK-r  found  the  ntnjunctival  sac  fiTcjncntly  fn^ 
from  bacteria,     Franke^  cxamimxl  carefully  sixty-oue  eyes,  of  which  filly* 
six  showed  a  normal  or  nearly  normal  mucous  membrane.     In  tlicse  sixty- 
one  eases  lie  found  the  staphyloeocciis  pyi>genes  flavus  and  aU>us  ten  tim^. 
He  founcl  tlie  micro-organisms  described   by  GomlxTt,  all  of  whicli   have 
pathogenic  pro|>ertips,  as  sliown  by  inoculation  of  rablnts'  cornea^  in  whicli 
they  produced  small  grayisli-white  infiltrations.     Franke  Ibund  two  varieties 
of  l>aeilli  which   resenibh^l  the  xerosis   bacillus.     Neither  of  tliesi^  bacilli 
hail  pathogenic  pmiKniies.     Frauke^s  results  agree  esseutially  with  those  of 
Bernheim  and  Hildebrandt.^     Franke  showed  that  seventy-two  ]K»r  cent^ 
of  nor mal-ap|)ea ring  coujunctiva*  contain  bacteria.    FraenkcF  declares  that 
in  genuine  diphtheria  virulent  and  att^^nnatcKl  Lofiler's  liacilli  occur,  and 
that  the  latter  ai*e  even    found  on  the   healthy  conjunctiva,  month,  and 
pharynx. 

ANTISEPTICS   AND   DISINFECTANTS. 

The   term  antm-pttc  is  here  ust*<I  to  designate  the  agents  which  re- 
strain the  development  of  micro-oi'ganisms  without  destroying  their  vital- 

1  Arch,  of  OphtliaK,  vol  xvi.  p.  876. 

»  An-h.  d'0phtlinlnin3f»irle,  |g87,  L  vii.  p.  386. 

'  Die  Ik^pulun^:  dor  Bakteriolo^it^  ptc,  Seventh  lutemat.  Ophth.  Congpeae,  Hc^idel- 
berg»  1S88,  S,  34ti. 

*  TimugumI  Dissf^rtatJun,  Zurich t  IBll"3,  p.  0. 
^  UntiTsuchuni!;eTi  iiberdi<?  Dej*i  d  fi'ction  des  Bmdphaut*ackes,  ncbst  Bemerkungen  zur 

Biiktemln^ie  de.*8(jn>en,  A.  v*m  Gmefe's  Arch,  f-  Ophth.,  Bd,  xxxii,  Ahth.  iii. 

*  Ex|>eriiTietiU?lle  Uiitereucliuiigtm  iiber  Antiseppiia  bei  der  Stiuirop^ration,  Inaugural 
Dissertation,  Ziirich,  1803. 

T  Berliner  KUn.  AVochenschr. ,  1893,  No.  11,  S.  264. 
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kyj  their  complete  destruction  Imng  el!e(jtecl  by  means  of  dmnfectants  or 
germicides. 

When  we  employ  chemicals  for  the  disinfection  of  a  wound,  we  must 
rememlj€T  that  it  is  not  jK)ssif>le  to  kill  all  the  buL-tciia  in  the  w<iiind  by 
sucli  means,  l)ecan.se  many  of  thcst*  resist  the  a<ii«»n  of  the  chernictil  agents- 
then  some  of  these  that  are  not  kilhxl  are  removed  mechanic^ally.  We  know 
the  agents  which  excite  in feetion  in  awijimd,  but  we  are  not  so  well  informed 
as  regards  the  origin  and  course  of  the  infw:tive  process.  Tlie  pyogenic 
bacteria  do  not  by  any  means  always  excite  8up|>unition  in  a  wound.  Tliere 
are  Ihctors  on  the  part  of  the  microbe  and  the  luinian  body  neeessary  in 
order  that  infection  may  take  place,  bnt  our  knowlHlge  respecting  these 
factors  is  dclk^tt%^e.  The  chief  thing  with  which  we  have  to  contx^rn  oar- 
selves  in  connection  with  disinfectiiin  is  the  fact  that,  in  a  surgical  sen,^, 
wound  infection  is  de|x^ndcnt  on  micro-organisms  wliicli  have  entered  tlie 
wound.  We  must,  tliercfbre,  aim  to  exclude  germs  from  tin*  wuund.  We 
shonld  also  rememlier  that  living  tissues  do  not  admit  of  artificial  disinfec- 
tion without  at  the  same  time  JB:>pardizing  tlie  living  [iroccss  in  cells.  As 
has  been  said,  the  conjunctiva  of  the  eyeball  aud  lids  may  in  a  healthy  state 
contain  germs  which  are  capable  of  exciting  infection.  We  must,  therefore^ 
determine  the  b(»st  means  of  combating  such  gernig. 

Chemical  DisiDfectants. —  In  estimating  the  value  of  a  chemical  dis- 
lufe^'tant  we  must  consider  the  kind  of  bacteria  to  be  acted  n{H>n  by  the 
chemical  agent  and  the  time  nei.^ssary  to  arrest  their  growth  or  destroy 
them.  The  spore-lK?aring  Inicteria  have  a  greater  resisting  power  to  chemi<^l 
agents  as  well  as  heat  than  the  vegetatise  forms.  It  is,  therefore,  of  prac- 
tical importance  in  connei'tion  with  disinfectirtn  to  know  which  pathogenic 
bacteria  form  spores  and  whif*h  do  not. 

Spore-fjcariftg  fjnekria  which  excite  wottnd  mfedia^i : 

Bacillus  of  anthrax, 

Bacilhis  of  tetanus, 

Bacillus  of  tulMLTculosis, 

Pathogenic  bacietia  which  do  not  form  spores  : 

The  cocci  of  pus  (staphyl*jcoecui3  pyogenes  aureus^  albus>  and  citreuSj 
strept<xt>ccus  pyogenes), 

Stiiphylococtnis  of  erysipelas, 

Racilhie  of  diphtheria  (Lofflcr), 

Bacillus  of  glanders. 

Tiic  anthrax  bacillus  is  the  most  resistant  of  the  spore-bearing  germs, 
and  tht.^  pyogenic  staphylococcus  has  also  great  powers  of  resistance. 

The  mctfiod  of  determining  the  value  of  a  chemical  disinfe<*tant  is  not 
wholly  satisfactory.  To  tt^t  the  power  of  a  chemical  agent  to  restrain  the 
growtli  of  a  particular  micrrh-organisra,  a  suitable  culture-medium,  in  which 
the  agent  to  be  tested  is  dissolvnl  in  a  definite  proportion,  is  inoculated  with 
a  pure  culture  of  the  bmlerium  tu  Ite  tested,  the  wliole  being  placed  in  the 
incubator  at  the  fa  voidable  temperature.     If  no  development  occurs  in  the 
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ciiltun^-mediiLm  coDtainiiig  the  antiseptic  nor  to  tbe  control  experiment^ 
we  attribute  the  failure  to  grow  to  the  ageot  added  to  the  culture^medium* 
III  this  way  by  further  experiment  we  determine  tbe  exBi-t  amoiiDt  i^uired 
to  restrain  development  under  like  conditions.  TodeCenuine  the ga-mieidal 
power  of  a  chemical  agent,  the  test  most  used  is  that  employed  by  Koch,  of 
suspending  silk  threads  to  which  are  attached  the  germs  to  he  ex  fieri  men  ted 
upon  in  the  germicide.  After  an  exposure  for  a  certain  time  to  the  germi 
dde,  the  threads  are  transferred  to  a  suitable  culture-medium.  The  1 
of  vitality  is  thus  tested  by  culture  experiments  with  the  germs  which  have 
b*»en  acted  upon  by  the  germicide  chosen,  or  by  inoculation  of  aniroals  w  ith 
them* 

This  mode  of  investigation  is  not  wholly  satisfactory,  for  we  mar,  even 
when  the  thread  is  washed  in  distilled  water,  carry  over  some  of  the  |i:t*rmi- 
cide  to  the  culture-medium  or  animal  body  inoculated,  and  thus  dimioish 
the  value  of  the  experiment.  Ge|>pert  has  sho\rn  that  even  tiie  smallest 
trace  of  the  antiseptic  which  may  l)e  carrieil  over  with  the  germs  to  the 
culture-medium  may  materially  affect  tlic  results  of  the  disinfection,  and 
that  the  mere  w^aahing  does  not  suffice,  but  that  it  is  necessary  to  neutraliise 
the  antiseptic  chemically  in  order  to  make  the  test  valid,  Greppcrt  used 
a  s<jlution  of  sulphide  of  ummoiiium  furthL?  purp»se.  Kot^h  found  tiiat  the 
development  of  the  anthmx  sp<Ji'es  was  rcstrainiHl  by  a  1  :  300,(XX)  S4dtition 
of  aubliraate.  Gepj^^ert,  on  the  other  hand,  dei'lai\«  that,  while  a  solittion 
of  stiblimate  1  ;  1000  restrained  the  growth  of  spores  (anthrax)  in  thr^e 
minutes,  if  the  growth  was  trcatetl  with  a  solution  of  sulphide  of  ammonium 
before  the  transfer  to  the  culture-medium,  the  growth  was  not  restrained 
after  fifteen  minutes^  and  in  five  instauix's  he  obtained  cultures  after  twenty- 
four  houi^s. 

In  our  estimate  of  the  germicidal  action  of  a  cliemit^il  agent  w^e  most 
take  into  arxH>iint  the  txinditions  under  which  the  test  is  made.  Such 
oxidizing  agents,  fur  examjjle,  as  cldoride  of  lime  and  permanganate  of 
potassium  act  not  alone  upon  the  bacteria,  but  upon  all  organic  matter  with 
whirli  tiicy  are  placc<l  in  contact ;  thus  there  is  a  simultaneous  destruction 
of  the  germicide  by  the  chcmiral  reaction.  It  is,  tlicrefore,  imjwirtant  to 
consider  the  presence  of  orjr.inic  material  wfiich  may  be  associat4^il  witli  tlie 
bacteria  ;  for  if  this  l>e  in  excess?  the  chemical  agent  may  be  destroyed.  Thus, 
the  germicidal  power  of  bichloride  of  mercury  is  reduced  bv  albumin. 

It  was  formerly  thought  that  a  two-per-c^nt.  solution  of  ixtrbolic  acid 
surely  kilhxl  all  micro-orgimisms  in  a  few  seccmds  or  minutes.  The  sur- 
geon washed  his  hands  and  instniments  witli  it,  and  l»elieved  that  he  had 
thereliy  matle  his  hands  and  instrumt^nts  free  from  infective  material,  and 
could  therefore  touch  his  patient^s  wound  witliout  danger ;  but  Koch  * 
showcil  tliat  if  the  spores  of  the  antljrax  liacilhis  or  similar  infective 
germs  with  ctpial  powers  of  resistance  hap|)ened  to  be  on  the  operator's 
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hands  or  iiistrmnents  and  were  not  mcelianieally  removal  by  the  washing, 
the  aJditiun  t>f  ('^rbolic  a*"id  to  the  wasli- water  ctjiild  not  have  been  of  the 
slightest  use  in  protecting  the  jMitient  nt|:ainst  infectiou.  He  funnd  that  the 
spores  were  destroyed  by  different  soUit ions  of  carbolic  acid  in  the  foIh>wing 
oixler :  a  one-per-eent.  solution,  even  after  fifteen  days,  exerted  no  remark- 
able actioti ;  after  seven  days  in  a  two-per-eent.  solution  the  spoi-es  wei-e 
still  acth^e  when  miee  were  inix^nlated  with  tlieni  ;  a  three-per-eent*  solution 
killed  only  after  seven  days  ;  a  ibur-per-eent,  solution  kilh^l  on  the  third 
day ;  and  a  five- per- eent.  solution  killed  with  eertainty  on  the  second  day. 
We  must  J  in  these  experiments,  also  take  into  ait'ouut  the  number  of  spoi^i^s 
to  be  destroyetl.  At  the  temperature  most  favorable  ibr  the  pjrowth  of  tlie 
reproductive  elements  under  investigation  a  greater  strength  of  the  anti- 
geptie  agent  is  required  liian  at  an  uuiavorable  temperature,  lower  or  higher 

Geppert  failed  to  destroy  with  certainty  staphylocm-cus  pyogenes  and 
bacillus  pyoeyaneus  with  a  1  :  1000  solution  of  sublimate  in  from  ten  to 
fiileen  minutes.  SchilP  and  Fischer  failed  to  disinfect  fresh  tuberculous 
sputum  after  exjxjsiug  it  to  an  etjual  ann)nnt  of  a  1  :  2000  sublimate 
solution  for  twenty-four  lumrs.  Yersin,*  on  the  other  hand,  dcK^-lares  that 
the  tubepcle-baeillus  is  killed  in  one  minute  by  a  1  :  1000  solution  of 
sublimate,  in  tliirty  sc<:'onds  l>y  a  iive-ixT-eent.  solution  of  carbolic  acid, 
and  in  one  minute  by  a  one-per-eent.  solution  of  this  acid.  Yer^sin^s  ex- 
peri  men  ts^  however,  were  made  with  the  bacillus  in  an  aitifieial  culture- 
mt^lium,  and  not,  as  in  Geppert's,  with  the  bacillus  in  sputum.  The  pus- 
coeei  are  restraint*d  in  their  growth  by  a  1  :  3000  s<jlution  of  sublimate; 
but  the  temperature  of  the  solution  must  be  eonsidei'ech  Thtis,  Behring^ 
found  that  at  22 '^  C*  Btaphyloeoecus  aiii'eus  in  bouillon  is  not  always  killed 
after  twenty-five  minutes.  Abbott*  says  that  a  1  :  1000  sublimate  solu- 
tion does  not  always  destroy  staphylococcus  aureus  in  fifteen  minutes. 

But  laborator}^  experiments  wdth  pure  cultures  of  bacteria  do  not 
always  lielp  us  in  ]>raetiee.  The  conditions  under  whieli  bacteria  exist  in  a 
wound  are  different  from  those  which  obtain  in  a  cnlture-mcHlium  in  a  test- 
tube.  Disinfection  is  not  so  simple  in  the  former  instance  as  in  the  latter. 
Id  the  cnlture-meilium  containing  the  bacteria  to  be  acted  upon  every  germ 
eomes  under  the  iufluent^^  of  the  germicide;  in  the  wound,  on  the  contrary, 
the  germs  may  be  entangled  in  the  secretion  and  dirt,  wliicb  the  disinfectant 
can  hardly  penetrate^  the  strength  of  the  solution  is  weakemMl  by  the  set*re- 
tion  from  the  wound,  and  tlie  time  ne<:'essary  for  the  strimgest  solutions  to 
act  is  too  long  to  make  it  safe  to  use  them.  The  influence  of  dirt  and  fatty 
substances  is  shown  by  the  laboratory  experiments  with  silk  tlireads  im- 
pregnat-eil  with  pus-cocci   and  then  dipped  in  oil,  fur   such  threads  have 


*  MiUheiluntjen  aus  ckni  Kuist^rl.  Gt^Htindheilfliimtj  1884,  Bd.  ii.  S.  146. 
»  Aniiiilai  de  i'liiittitiit  PtiiiU^iir,  1S88^  t.  ii.  p.  tiO. 

'  Zeit^hrin  f.  Hygiene,  189(^  Bd.  i\.  S.  404. 

*  Corrosive  Sublimate  us  u  Disinfwtant  Bjg^ainat  the  Staph^'lococcua  Pyogenes  Aureus, 
Bulletin  Johns-  Hopkins  Huapitiil,  1891,  vol  ii.  p.  60. 
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been  suspended  in  a  1  :  2000  8<jlution  of  sublimate  for  days  and  even 
weeks  without  killing  tiie  bacteria  (Sehininielbus(»h  *). 

The  alkabes,  ammunia,  ealeimii  hydroxide,  and  sodium,  in  soltitiua,  r^ 
qnirea  mnch  lunger  time  to  disiuffi^t,  the  strength  and  time  being  too  great 
and  long  to  make  tliem  of  pmctiail  nse.  This  is  equally  true  of  the  acids. 
Thus,  the  much-u&ed  saturated  solution  of  boric  aeid  fails  to  kill  pUd-cocci 
in  two  honrs ;  but  Miguel  asserts  that  it  arts  as  an  antist^ptie  in  the  propor- 
tion of  1  :  143.  However,  for  the  praetieal  pnrposes  of  antisepsis,  Ixiric  aeid 
is  of  no  value.  Sulphuric  acid  (1  :  200)  kills  pns-r*occi  in  two  hours.  A 
two-j>er-eent.  solution  of  salicylic  acid  di'stroys  pus-eoeei  in  two  liours. 
Absolute  alcohol  has  no  eHect  upon  anthrax  spores  after  exposure  to  it  for 
one  hundred  and  ten  days  (Koch).  Tuberculous  sputum  was  not  disinfected 
with  an  e<:|ual  proportion  of  absolute  alcohol  after  twenty -four  hours;  in 
five  parts  to  one  of  sputum,  it  destroyed  the  bacillus  in  twenty-four  hoiii-s 
(Si'bill  and  Fischer,  he.  cit).  Its  action  npon  pure  cultures  of  the  bacilli 
is  more  eftective,  as  Yei-sin  succeeded  in  killing  them  by  a  few  minutes* 
exposure  to  it.  Of  the  aniline  dyes,  methyl  violet  (Merck's  pyoktanin)  is 
said  to  restrain  the  growtli  of  staphylococcus  pyogenes  aureus  in  solutions 
of  1  :  2000,  Tlie  staphyloooccus  pyogenes  aureus,  streptoeoccus  pyogenes, 
and  bacillus  anthracis  were  killed  in  thirty  seconds  by  a  1  :  lOCXJ  solution 
of  it  (Jaenickc  ^).  Boer^  fouud  malachite  gr<?en  more  effective  than  pyok- 
tanin. Creosol  destroyed  staphylococcus  pyogenes  aureus  in  five  minutes 
in  a  three-ten ths'pcr-cent.  solution  ;  a  two-per-ceut.  solutiou  of  ejirlKjlic  acid, 
on  the  other  hand,  required  fifteen  minutes  to  do  this  (Friinkel).  Oil  of 
tuqientine  added  in  exee.S8  to  a  liqnefied  gelatin  culture  of  staphylocoociis 
pyogenes  aureus  failed  to  destroy  this  c(ktus  in  five  hours  (Yon  Christmas- 
Dirckinck  Holmfcld).  lodol  failed  to  destroy  anthrax  sfwres  in  eighty  days 
when  addfjd  in  excess  to  water  (Koch).  Hydrogt^u  perr>xide,  chlorine,  and 
chloroform  cannot  claim  to  be  practical  germicides.  The  1 :  500  aqueous 
solution  of  iodine  with  {K>tassium  iodide  destroys  staph yloc«3cci  of  pus  after 
two  hours'  exposure  (Stern l)erg*),  Sbjst  liat-teria  are  not  injuriously  affected 
by  the  vapor  of  iodoform,  Eaudolph,*  of  Baltimore,  Maryland,  found  that 
a  pure  culture  of  the  staphylococcus  albus  was  not  atleeted  by  ex|>osure  for 
twenty  minutes  to  the  action  of  absolute  alcohol  (98|  to  dd^  per  cent.). 

Low  tem|.ierature8  restrain  the  growth  of  bacteria,  but  do  not  kill  tliem  ; 
some  species  being  capable  of  nmltiplyiug  at  tlie  freezing  temperature, 

Dnf  Heat, — Koch"  and  Wolffhrigel  (1881)  showed  that  to  destroy  micro- 
organisms in  a  dry  state  a  higher  temperature  is  required  tlian  when  they  are 
in  a  moist  state  or  when  they  are  exposed  to  the  action  of  steam  or  hot  water. 


*  Aseptische  Wnndk^handlung:,  1893,  2d  ed.,  8.  88. 

*  Foitfichritte  der  Meilicin,  1890,  Bd.  viii.  12. 

*  Zeitechrifl  f.  Hy^ene,  1890»  Bd.  ix.  *  Manyal  nf  Bacteriology,  1892. 

*  Triin&actioniJ  of  the  American  Opblhalmolo^ical  Society,  July^  18&6. 
'  tlDtersuchungen  libar  die  Defiinfeciiou  mit  heisser  Liift,  Mittheilungen  aus  4eBk 

Kdserl.  Geeuodheitaaiiit,  16S1. 
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Moist  Heat. — Boiling  water  has  the  gi'eatt'st  gormieidal  power.  While 
there  is  no  essential  clitierenct^  in  the  iltsiiifection  power  between  flowing 
steam  and  eonfinetl  st«ani  at  the  same  temperature,  flowing  steam  is  the 
more  effwtive  because  of  its  penetrating  fabric's  more  quickly,  and  snper- 
heat^nl  steiim  is  not  m  powei'lid  as  steam  under  pix^ssure  ata  biglier  teun)em- 
ture  than  100°  C\  Flowing  steam  kills  the  s|K)res  of  all  known  ^mthogciiic 
bacteria  in  from  five  to  fifteen  minutes.  Hot  air,  on  the  other  hand,  re- 
quires, according  to  Ko<:h  and  AYolfl'hiigel,  one  and  oue-lialf  bom's  to  kill 
bacilli  free  from  spores,  while  the  spores  of  bacilli  are  destroyed  only  afler 
three  bom's  by  a  temjierature  (hot  air)  of  140°  C. 

77i€rmaP  Dtath- Point  of  Bacteriu  {Non- Spore- Bearing) ^  Moht  Heat:    Time  of  Ex^ 

pmure^  Ten  Minutes* 

OiitJ(?rade.  Fahrenbed. 

Staphylococ<'US  pyogenes  aureus  ...........  fiS"*  1311  4** 

Stapbylococcut  pyogenes  citreus 62  143,6 

StaphyloctJccus  pyogenes  iilbus 62  143.6 

Streptococcus  pyugenes ,,.,*.,   ^   .    .  &4  129.6 

Micrococcus  Piietcuri 52  125.6 

Goriuctx'cus  (in  pus) ,    ,    .    .  60  140.0 

Boiling  Water. — ^The  spores  of  bacillus  anthraeie  are  killed  by  boiling 
in  water  for  two  minnte.s^  and  the  vegetative  forms,  bacilli  and  cooci,  are 
killed  in  from  one  to  five  seconds  (Schimraelbusch  ^). 


EXPERIENCE  OF  OPHTHALMIC  SURGEONS   RELATIVE  TO  THE   VALUE  OF 

ANTISEPSIS. 

The  solution  most  in  favor  with  ophthalmic  sni'geons  is  the  subliuuite. 
Priestley  8mith;^  of  Birminghiun,  England,  has  Ix'ttcr  results  after  cataract 
extraction  now  than  he  had  twelve  or  fifteen  years  ago.  He  attributes  the 
improvement  to  j^^veral  causi^s, — to  greater  skill  in  manipnlation  and  lon^r 
ex|>crienL'c  in  dealing  with  difficulties,  and  to  increased  care  to  avoid  septic 
conditions  of  hands,  instruments^,  solutions,  and  the  surface  of  the  eye  itself. 
*^  I  Ijclicve  tluit  every  irritation  of  an  operated  eye  is  toLn?  avoided,  and  that 
the  most  formidable  irritation  is  tiiatprcnluctHl  by  the  intnxluction  of  micro- 
oi^nisnis.  I  l>elievc  also  that  the  ultimate  result  of  such  irritation  will 
vary  with  the  resisting  jiower  of  the  tissues  of  the  eye,  I  therefore  strive 
for  aseptic  conditions^  for  a  minimum  of  violence  aud  disturbance  c^f  tlic  eye 
and  patient,  and  for  such  constitutioual  conditions  as  w^ill  favor  the  vitality 
and  resisting  power  of  the  tissues.  On  the  other  liand,  it  docs  not  seem  to 
be  proved  that  the  so-<^lk>d  antiseptic  solutions,  Sf>  freely  rtse<i  by  some  sur- 
geons, arc  nt^'cssary  for  the  cleansing  of  instruments,  or  are  able  to  destroy 
organisms  in  or  on  living  tissues  without  doing  sericnis  damage  to  the  tisanes 
themselves/*  He  carefully  cleanses  tlic  lids  and  face  ;  a  few  drops  ijf  f*er- 
chloride  solution  (1  :  5(M10)  are  instillwl  Ix'tween  the  lids  ;  each  instrument 
is  dipped  into  boiling  water,  assiduously  driwl  and  polished  on  a  clean  cloth. 


*  Sternberg,  loc.  ciL,  p.  147, 


*  Loc.  dt.|  p,  86. 


■  Letter  to  the  wilier. 
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and  laid  on  a  folded  doth  in  a  tray  ;  hands  are  thoroughly  washed  with  i 


id 


At  the  close  of  the  ^ 


little  finely  powdered  iodofonttl 


*  ojwration 
is  dusted  on  the  eyel>all  in  the  region  of  the  incision.     He  says  that  be 
twimetimejs  omits  the  iodoform  and  geta  equally  good  results.     He  never 
imh  hii^  instruments. 

Ole  Bull/  of  Christian ia,  haa  had  l>etter  results  in  his  operations  since 
he  Ix'giui  to  Ui*e  antiseptics.     He  lias  bad  suppuration  after  cataract  e.^ 
tion  only  once.     He  boils  his  instruments,  instils  solution  of  subli 
1  :  2000,  and  washes  the  lids  and  surroundings  of  the  eye  w^ith  the 
solution.     Lately  he  has  abandiincHl  tlie  u?^e  of  sublimate. 

Knapp  elrauses  bis  instruments  in  boiling  water  and  instils  a  subhmate 
solution  ot*  1  :  5000.     This  is  the  pi*actice  of  some  of  the  ophthalmic  sur-      , 
geons  in  New  York.  ^M 

Landolt  ^  (Paris)  sterilizes  his  instruments  by  placing  them  for  forty^^ 
miuutes  in  a  solution  of  oxycyauide  of  mercurj'  1  ;  100  or  1  :  200,  aod 
washes  his  hands  first  in  a  sublimate  solution  of  1  :  500  and  then  in  one 
of  1  :  5000,  passing  bis  lianils  finally  into  stenlhed  gloves,     Theae  gloves 
are  elotb  pockets,  and  are  intended  as  a  substitute  for  a  towel  in  dr>' 
the  hands. 

De  Wecker^  says  that  sinee  he  has  used  antiseptic  precautions  in  «ii 
ract  extnu'tiun  his  results  have    been  much  better ;  whereas  formerly 
liad  suppuration  once  in  two  hundred  (:*r  three  hundred  cases,  now  he  has 
scart'cly  one  in  six  Innidretl  or  eight  hundrt\l.     He  washes  his  instruraeni 
in  absolute  alcohol,  and  places  them  for  half  an  hour  in  two-|>erH:'cut*  carboli( 
acid  solution  ;  just  U^fore  opemting  he  plunges  his  instruments  into  Uilli 
water. 

E.  Meyer  ^  (Paris)  siiys  that  since  he  has  employed  antisc»ptic  precauti<i 
in  cataract  extniction  suppuration  is  no  longer  met  with  in  his  pmctice. 
boils  his  instruments  in  water ;  for  irrigation  of  the  eye  he  uses  a  sublimate 
solution  ;  during  the  o|k? ration  he  never  uses  the  sublimate  solutiou^  bi 
instead  of  it,  sterilized  water, 

S<:*hweigger  ^  sterilizes  his  instruments  with  a  four-per-c^nt,  solutian 
carbolic  acid,  and  washes  the  eye  with  sublimate  sohition  0*05  per  cent 

Cbibret^  us*^8  a  ten-pcr-oeut.  solution  of  cyanide  of  mcrcniy^  for  gteriP 
izing  instruments.  The  instruments  are  left  for  ten  minutes  in  this  solutioa; 
they  are  next  placetl  in  a  1  : 1 500  solution.  He  washes  out  the  conjunctival 
sac  with  the  same  solution. 

Nuel  ^  washes  the  la<3e  about  the  eye  with  soap  and  water,  followed 
a  S4:)lution  of  sublimate^  taking  si>ecial  care  to  cleanse  the  margins  of 
lids.     But  he  j>oiuts  out  the  narrow  limits  of  the  power  of  chemical 
infectants,  showing  that  by  their  aid   neither  sterilization   nor  ooj 
asepsis  of  the  conjunctival  sac  is  possible. 

Fanas*  still  employs  his  solution  of  biniodide  of  niercury  fbiniodi< 


'  Letter  to  the  writer. 

>  L©  MeTcredi  mfed.,  Vim,  IJo.  10, 


'  Arch,  d*Oph  ,  U  xii.  p.  488. 
*  Maladies  de«  Yeui'   taoA-  *.,!,:, 


mercury  five  eeiitigrarames,  absolute  alwiiol  twenty  gjrammes,  sterilized  dis- 
tilled water  one  litre).  This  .sjlution,  as  ba.s  In-eu  shown,  kills  piis-etwi-ci 
only  afer  two  or  three  days  (Weeks) ;  hence  it  has  no  practical  value  as  a 
germicide  for  ophthalmic  purpo^ses. 

Sehniitlt-Rimpler*  asserts  that  chlorine  water  (aqua  chlorata  of  the 
German  Phannac^pceia)  has  strong  disinfeetinj^  qualities, — i,e,f  that  it  kills 
pus-cocci  in  one  minute.  But  this  solution  irritates  the  c^onjuuctiva  even 
more  than  the  sublimate  solution  coniuioiily  cmpIoycM^l,  miA  the  irritiition 
lasts  longer ;  it  is  objectionable  also  on  account  of  its  irritating  udor  giving 
rise  to  coughing,  thus  making  its  application  harmful  where  disinfection  is 
most  nee<led, — i.e,^  in  cataract  extmution  ;  it  is  also  easily  decomposed. 

The  strength  of  sublimate  solution  most  used  in  ophthuhnic  practice  is 
1  :  5000.  This  solution  kills  pus-cocci  in  from  two  and  a  half  tt>  three 
minutes,  aix^ording  to  Weeks,  but  according  to  Sehmidt-Rimpler^  not 
until  after  three  JTiinutes;  and  Abbott'  states  that  even  a  1  :  10l!K}  sjjlution 
of  sublimate  does  not  always  destmy  the  8taphyl(x?occu8  pyogenes  aureus 
after  twenty-five  minutes.  The  skin  of  the  lids  may  be  disinfwted  by 
means  of  dre&sings^  l>e<;ausc  tiiesc  may  iw  kept  in  contact  with  this  surface 
sufficiently  long  to  acctmiplish  their  object ;  but  the  circumstances  are  different 
when  w*e  come  to  disinfect  the  conjunctival  sac,  for  we  cannot  here  ki?ep  the 
antiseptic  sufficiently  long  in  contact  with  the  parts  to  accomplisli  antisepsis 
without  at  the  same  time  doing  mischief  to  the  eye.  When  the  antiseptic 
is  simply  dropj>ed  into  tlie  eye,  the  secretion  of  teai*s  is  awelerated,  and  the 
solution  is  dilntwl  and  finally  w^ashed  out  of  the  eye. 

CAN    WE   RENDER  THE  CONJUNCTIVAL  SAC   ASEPTIC? 

It  has  been  stat<<l  by  numerous  ophthalmic  surgeons  that  irrigation  of 
the  conjunctival  sac  during  and  after  an  operation  on  the  glol)e  has  proved 
to  l>e  of  great  value  ;  however,  we  must  not  overhxjk  the  fact  that  the  action 
of  these  washings  may  f)e  mechfrntcai  ratlierthan  chemical, — i.e.f  the  micro- 
organisms are  washed  away  and  not  killed. 

Gayct,  who  was  the  fii"st  to  investigate  the  question  of  ocular  antisepsis, 
expcriujcnted  upon  a  series  of  one  hundred  and  seventy  eiglit  eyes  taken  at 
hazard,  l>y  wasliing  out  the  conjunctival  sac  with  a  sublimate  solution  of 
1  :  tjQOO,  After  the  washing  a  sterilized  platinum  wire  was  pass*d  over 
the  conjunctival  surface  an4l  then  dipjjcti  into  a  suitable  culture-me<liura 
contained  in  test-tubes.  It  was  found  that,  in  spite  of  the  washing  with 
subHmate,  one  hundred  and  thirty-nine  tnlxAS  were  fertile  and  thiity-nine 
sterile*  In  this  scries  there  wa^  suppuration  eleven  times.  In  another 
serieSj  of  thirty-six  cases,  the  conjunctival  sac  was  washed  out  with  a  satu- 
rated solution  of  boric  acid  ;  only  thnxr  tubes  i*emafned  sterile.  Thus,  in 
two  hundred  and  fourteen  cases,  in  spite  of  washing  of  the  conjunctival  sac, 

'  Aqua  Chlorata  jeur  DesmfSBCiion  bei  Augenopemtion  iind  Augenverletzungen, 
Deutsohe  Med.  Wwhenschrift,  1891,  No.  81,  S,  945, 

*  Loc.  cit,|  p.  945,  *  Loc  cit. 
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ont*  luiodred  and  seventy-two  eyes  contained  microl>es.  Gayet  also,  by 
nie^tlnxiiml  pi\?ssure,  endeavored  to  press  out  the  contents  of  the  Meibomian 
glands.  Gayet's  experiments  thus  showed  that  it  was  not  always  possible 
by  simple  irrigation  of  the  conjoiietival  sat'  to  render  this  part  gerni*free, 
and  iiirther  ahowetl  that  frtn^iUim  fi'oni  germs  was  not  always  necessar}^  tii 
an  exact  healin|r  of  the  wound  in  the  cornea. 

Franke^  made  one  hundrtxl  and  thirty  ex|ieriment8,  as  follows.  In  ien 
cases  lie  waslnnl  the  foujuuetival  !?ae  with  scihuion  of  sublimate  1  :5CM}0; 
in  lifty  lie  wipwl  the  upj>er  and  the  lower  cul*de-sac  with  sterilized  cotton 
<iipiM.'d  in  the  S(jUition  of  sublimate  and  then  washed  the  surface  witli  the 
8:ime  s^dution ;  in  fifty  he  washtxl  out  the  conjunctival  sac  wntli  a<|ua 
chlorata,  undilutcxl,  as  recommended  by  St^hraidt-Kimpler ;  in  teu  he  washed 
and  wiptil  tlic  conjunctival  sac  with  triclilorideof  siKiium  (Pfluger's  metliod) 
1  :  2<>00  ;  and,  (inally,  in  ten  he  washed  and  wipid  tlic  «X)njimctival  sac, 
according  tvi  Edward  Meyer,  with  sublimate  solution  1  :  25(X).  The  tem- 
perature of  the  solution  was  from  30°  to  35^  C.  Franke  eould  not  be 
certain  that  the  region  of  the  opmtion  would  l>e  rendered  gci*ni-free  by 
any  of  these  methods.  The  most  sutislactory  mcthtKl  Avas  that  which 
combint^  the  wtplf^g  of  the  surface  with  the  irrigation.  Tiie  most  un- 
satislaetory  cases  were  thost*  in  which  tlic  conjunctival  Siic  was  simply 
irrigated  w^ith  the  sublimate  sohitiou  1  :  5000.  If  microbes  yyew  demon- 
strated in  the  conjunctiva!  Siic,  they  were  always  present  after  the  Biiuple 
irrigation. 

Stroschoiu'  Ibnnd  that  the  results  ohtaiuiHl  by  irrigtitifm  with  a  solu- 
tion of  stMliuni  t^diiride  0.6  per  cent.,  sterilized  by  Ixiiling,  did  not  differ 
irum  tlios<:^  olitained  with  the  sublimate  solution.  He  shows  that  if  germs 
were  numerous  in  the  conjunetival  sac  bef4)rc  irrigation  with  the  salt  solu* 
tion,  there  was  always  a  pmuouneal  diminution  after  it,  and  tliis  diminu- 
tion m  the  numl>er  of  gi*rms  was  tfic  more  pronountml  the  oflener  the 
irrigation  was  reix^attHl.  If  thcn^  were,  as  was  generally  the  case,  but  few 
micro- organisms  {indent,  he  ahnost  never  iound  any  after  irrigation. 

Alfred  Graefe,  who  washetl  his  cataract  eyes  before  and  during  the 
operatiim  with  a  stibliuiate  solution  1  :  otKJO,  believes  that  tlie  suldiniate 
was  the  cause  of  the  markt:d  permanent  opacity  of  the  cornea  in  4,7  per 
cent  of  all  his  ceases.  Absrdute  disinfection  was  no  more  obtainetl  with  the 
sterilized  salt  solution  than  with  the  siildimate. 

Ut'nderen  Stort  proved  that  the  liacteria  in  the  conjmirtival  sac  were 
washed  away  by  the  tears  ;  wlien  the  flow  of  tears  is  obstructed,  or  the 
quantity  ot  the  cx>njunctival  secretion  is  ao  mucli  incrc^astd  that  the  tears 
no  longer  siifKt^.  to  carr>*  off  tlic  seiTctiou  tlirough  the  tear-passage  into  the 
nose,  this  mechanical  action  of  tlie  tears  is  rcstricttnl.  The  absence  of 
imtabon,  therefore,  m  favorable  to  the  aseiitie  healing  of  the  wound. 

^  Von  Graefe'a  Arch,  t  Opb.,  1893,  Bd.  xxxix.,  Theil  iii.,  8.  4. 
'  Ibid.»  Bd.  xxxii.,  Theil  i.,  S.  26L 
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The  wriu^r's  conehisioti^,  dedufnl  fmrn  experiments  with  ehloride  of 
sodium  in  solution,  w^Vi^e  iu  the  main  with  those  of  8trosc*heiu,  exe<ij)t  that 
I  believe  that  the  effect  of  wa.'^hing  and  wiping  the  conjunctival  sac,  and 
espeiiidly  the  yitc  of  tlie  incision,  is  lar  greater  than  he  states  it  to  Ix?,  I 
ol>taiLitM.l  better  results,  no  doubt,  bectiusc  the  irrigiitions  wei^  prai-^tised 
daily  fur  a  week  l)eibre  the  o[x*ration  and  the  final  test  for  germs.  I  did 
not  suceeed  in  obtaining  an  ide^d  sterilization  of  the  conjunetival  sac  in 
any  inj^tanee  in  which  bacteria  were  numeroos  in  the  conjunctival  sae  (one 
Lundre<l  and  forty  ea^*s).  Nevertheless,  all  thv  <'vi<lenL*e  favors  that  mode 
of  procedure  which  produces  by  the  simplest  non-irritating  means  tiie 
clejuiHing  of  the  conjunctival  sac, 

Inti'a-tx'ular  antisepsis  fullowing  operations  on  the  eye — ie*,  catiiract 
extraction — is  mentioned  only  to  eondemn  it.  The  only  agent  f>ermissible 
in  wasliing  out  the  anterior  chamber  is  a  sterilized  s^jlution  of  sodium 
chloride  0; 5  per  cent.  Tlie  most  experiem^ed  ophthalmic  surgeons  testify 
tlmt  their  results  are  better  since  they  have  employed  antiseptic  precautions 
in  tht'ir  oiK-rations.  Of  course  we  must  not  overlook  the  value  of  skilful 
ojx^rative  tei'chnique  as  a  fact^ir  in  preventing  infec-tion  of  a  wormd,  as  in 
cataract  extmction  ;  but  the  best  rcsLdts  are  not  to  be  expected,  as  SteHan' 
assumes,  fi-om  the  technique  alone.  In  his  operations,  StetTan  cleansed  his 
c-ataract- knife  and  the  rest  of  his  instruments  in  boiling  water  afler  they 
iiiid  bwn  **  dippwl''  in  a  Laplace  sulntion  (tartaric  acid  and  sublimate). 
A  dressing  saturated  with  this  solution  was  kept  on  the  eye  for  one  hour 
Ix'fui'e  tiie  ojx'ration.  lie  wasluxl  the  conjunctival  sae  before  and  after  the 
openitiou  with  a  sublimate  solution  of  1  :  5000,  dusted  tlie  wound  with 
iodofurm,  and  bandaged  the  eye  with  cotton- wool  dressing  dipped  in  the 
Lajilaee  solution  (subbmate  1,  tartaric  acid  5,  distillcfl  water  ICJOO).  One 
hundred  and  four  extmctions  were  done  under  these  precautions,  and  there 
was  a  loss  of  6,73  per  cent,  from  septic  influence.  Comparted  with  these 
results,  he  did  fi»ur  hundreil  and  twenty-six  extractions  without  antisepsis^ 
only  observing  '*  careful  cleanliness,"  The  hiss  was  6.5  i>er  cent.  It  is 
U[>rm  these  resnlts  that  Steffiin  l>ases  his  opinion  as  to  the  uscJessness  of 
antisepsis*  Alfred  Graefe  practised  the  same  ojierative  technique,  and 
through  antisepsis  reduced  the  hiss  to  0.93  jier  cent,  from  suppuration  in 
ten  hundre<l  and  seventy-four  extractions. 

We  do  not  know  at  what  time  the  corneal  wound  has  so  far  closed  that 
it  may  not  be  infccte<j,  A  few  exanifdes  show  that  at  the  end  of  tlie  first 
or  even  of  the  seamtl  week,  even  where  healing  had  appai-eiitly  progressed 
favorably  up  to  that  time,  suppuration  has  set  in.  This  experience  shows 
tliat  under  certain  conditions  the  tissur-s  of  an  ofx^rated  eye  may  ibr  a  con- 
siderable time  remain  disposed  to  develop  pathogenic  elements.  However, 
as  a  rule,  the  conditions  tavoring  infection  are  mostly  removed  soon  after 
the  ojieration*    We  shall  have  done  all  that  it  is  at  pi'esent  possible  to  accom- 
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plii?h  by  means  of  antisepsis  or  asepsis  when  we  have  nsed  perfectly  aseptic 
instruments  and  curefully  cleansed  tlie  eonjnncrival  sac  and  the  site  of  tJie 
opcratiun  with  a  fluid  which  shall  not  interfere  with  the  conditions  necessary 
fur  a  uormal  healing  of  the  wound. 

IxMPQRTANCE   OF    CLEAN    INSTRtTMENTS. 

Strosohoin  took  twelve  Gmefe  knives  frt^sh  from  the  instramcnt-maker, 
and  thruHt  the  whole  knigth  €*f  the  blade  of  rneh  one  into  a  culture-mcKlium 
contained  in  tul>es  and  placed  the  latter  in  an  incu baton  The  gelatin  was 
cai-efully  fluidified  and  nni  onto  plates.  Only  three  tubes  remained  genn- 
free.  The  majority  of  tlie  plates  sliowetl  sareiute  lutea? ;  next  came  the 
potato  bacillus  (bacillus  mest^ntericus  vidu:atu8),  and  two  unknown  kinds 
of  niienK'tKvi,  The  same  knives  four  weeks  later,  after  having  in  the 
mean  time  been  used  and  for  tliis  purpose  disinlk*ted»  were  absolutely 
sterile^  in  spite  of  the  fact  that  some  of  them  had  lain  for  weeks  in  their 
cases.  Of  8ix  Gmefe  knives  which  had  been  used  durinsj  six  montlis  on  the 
cadaver  and  on  pij^s*  eyes,  only  one  was  infected,  and  this  was  found  to  be 
rusty,  I  have  tinted  eight  Graefe  knives,  five  keratomes,  and  six  cap- 
sulotomes  which  were  cleansed  by  wiping  with  cotton-wool  and  boiling  in 
water.  After  having  Iain  in  the  oj>eratiug*case  untouched  tor  six  moiiths» 
all  the  knivt^  and  kemt^Jines  wei'e  found  to  be  sterile. 

Strosehein  found  that  of  five  Beer  s  knives  only  two  remained  sterile  in 
the  *»peratins;~easf:.  He  believes  this  to  hove  been  due  to  thp  tlirt  eolltn't^itl  in 
the  lettei-s  of  the  manufacturer's  name  slampetl  on  the  shank.  Instnimeuts 
with  uneven  surfac»es  always  requii-e  vigorous  scrubbing.  The  same  writer 
fomid  that  (Jraele's  and  Bcht's  knives  infeeted  with  pus  ov  pure  cnltuns 
of  staphylocoteus  pyogenes  aureus  or  a  sjjpropliytic  bacillus  (very  difficult 
to  kill),  alh>wtd  to  dry  on  the  blade,  could  be  made  sterile  by  wiping  tlie 
blades  vigorously  a  number  of  times  witli  cotton-wool  dippetl  in  a  mixture 
of  eipial  ]iarts  nf  alcohcd  and  ettier  and  a  few  dro|>s  of  ammonia,  the  Idades 
iM^ing  drawn  through  tlie  cotton  under  firm  pressui-e  ten  or  fifteen  times 
and  finally  wi^Kil  and  rubbed  for  a  minute  with  cotton  wet  with  a  five-per- 
cent, solution  of  carbolic  aeid,  tlie  handles  l)eing  treated  in  the  same  way. 
The  knives  weix?  finally  laid  in  a  sterilizal  solution  of  sodinm  chloride,  fur 
the  purpose  of  washing  off  the  antiseptic.  Knives  thus  treated  were  found 
to  be  completely  sterile. 

These  solutions  of  ammonia,  ether,  aud  carbolic  acid  damage  tlie  cutting 
edge  of  our  instruments.  I  have  succeeded  in  sterilizing  Graefc'S  knives 
which  had  no  scratches  by  Sf^veral  times  dipping  the  hladt^  into  a  one-j3er- 
ceut.  boiling  solution  of  8o<Ja  and  wiping  tliem  under  firm  pressure  with 
clean  cotton- wool.  Instruments  with  scratches  and  other  irregularities 
cannot  be  certainly  sterilized  in  this  way  ;  they  must  be  boiled* 

It  is  of  the  greatest  importance  that  the  capsulotorae  and  discission-knife 
shouUl  1m?  beyond  the  [K^ssibility  of  infu-ting  tlie  eye.  Many  eyes  have  K»een 
lost  in  the  division  of  a  secondary  cataract  l>ecause  the  instrument  used  for 
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the  pur|XJSG  was  not  clean.  Trous.seaii'  say's  thatj  althniigh  he  lias  been 
abhj  to  perfurm  imn'e  than  three  hondrecj  extraetittiLS  withuiit  a  Bingle  case 
of  suppnnttioii,  lie  had  lost  from  purulent  jmnophthalmitis  one  eye  hi  sixteen 
operatL'd  iiptiii  by  discisi?ioii  (6.25  j>er  cent,  of  lass)  ;  and  Clievallenati,  in 
the  same  institution^  had  L4B  percent,  of  purulent  pauophtlialmitis  after 
his  extractions  and  9.09  per  cent,  after  discission.  It  is  evident  that,  if  the 
knife  l)e  contaminated,  there  is  greater  dauger  of  infecting  the  eye  in  dis4;^is- 
sion,  where  the  instrument  passes  deep  int(*  the  eye  and  the  wound  made  by 
it  closes  as  soon  as  the  iastrument  is  witlulrawn,  than  when  a  large  wound 
is  made,  as  in  cataract  extraction,  in  which  the  aquconf^  Inunor  escapes. 


PREPARATION   OF    DRESSINGS* 

Streaming  steani  is  sufficient  for  all  purposes  of  disinfection  of  surgical 
dressings^  but  in  oi-der  that  the  steam  shall  liavc  sufficient  a(_*tinn  it  must  be 

saturatcil  ;   in  this  condition  it 
^i***  1-  drives  all    the   air  out  of  the 

dressings,  thus  cnahling  the 
steam  to  act  rapidly.  Koch's 
steam-boiler  makes  a  gotxl  ster- 
ilizer for  dressings.  It  consists 
of  a  cylindrical  tin  vessel  in 
which  a  certain  annum t  (jf  water 
is  placed^  the  level  of  the  latter 
being  separated  from  tlic  di-ess- 
m^       r  ^M       ings  by  a  net-work    partition. 

Fig.  2. 


mir 


B 


AppiLmri»  for  sterflixlii^  drosiingft  atifl  iti^nimenti! 
(S*  hlnimel1>aH^:h).— ^,  space  far  ^teriUnng  rJnjssinKH  by  KelUe. 

£t«!4Liii ;  ft,  tniy  rxtataJntng  solutioD  of  bocIjl,  otiti  per 
cent,,  for  ^rtllztug  liuitramciitB :  Q  removable  kettle 
for  dre«iQgs  ;  D,  splriVlump. 

The  vessel  is  pupplicil  with  a  close-fitting  lid.  When  the  water  boils,  the 
steam  risc^  throuji^h  the  network,  drives  the  air  out  of  tlie  space  to  l>e  dis- 
infwtetl,  and   is  foreed  nnder  light  pressure  against  the  eltjsed   lid.     If 

*  Compte-rpndu  do  U  Clinique  des  Quinz(?-ViTi£rt5,  1890-1891,  p.  23.  Quoted  by 
Landolt,  D*?r  gpgenwartige  Stand  dt-r  SUnmpHniMon,  Bdtrage  ztir  Auj^eiihtrilkuudLi,  1892, 
p.  61.  TraDslftted  by  C,  Culver^  M.D.,  in  Ophthiilmic  Record,  November,  1892,  p, 
178. 
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there  >>e  a  very  active  supply  of  steam  in  such  an  apparatus  of  pro] 
proi)ort.ious,  the  air  is  driven  off  and  there  will  not  be  any  cx>ndensatii 
while  the  apparata*^  m  openiting.  But  while  the  water  is  being  heated, 
the  dressing:^  have  not  previoosly  ]>een  warmed,  there  will  be  consideral 
condensation  of  steam  and  the  diH?ssings  will  Ix^  w^et. 

Schiramelbusch   has   devised  a  combination   apparatus   for   stertli 
dressings  and  instruments^    (See  Fig,  1.)    The  steam  from  the  boiling 
solution  in  B  penetrates  to  the  dressings  through  the  hok^  iu  the  kei 
(See  Fig.  2.) 

Tlie  larger  apparatus  of  I^ntenst^hliiger  (see  Fig.  3)  does  its  work  nndfr 
slight  overpressure,  which  insures  quick  and  complete  (K-netration  of  the 
dressings  by  the  steam,  e^^uable  tempemture,  and  avoidance  of  condenaati<iii. 

A  n  overpressure  of  oj 
Fio.  3. 

T 


fifth  of  an  atmosphe 

which  is  obtained  uith 

1  III  I  the      large     appamtai 

used  in  hospitals,  givx^ 
J  K       a  tern j>erat ore  of  102^ 
CI        Lautensehlagers 
apparatus    consists  of 
two    copper  eylindeis, 
one  wnthin   the  other, 
the  outer  cylinder  l>ein^ 
covered  with  a  nmutle 
of  aslx>stos-    The  s[iac3e 
A,  several    cent i metres 
wide,  between   the  ex- 
^     ternal  and  internal  c\  1* 
inders,    is    half    filW 
with  water,  the  water- 
level,  Bf  indicating  die 
amount  of  water  eon- 
taiiuxl  in  the  space  A. 
The  water  is  IxJiled  bv 
means  of  ga^jets  at  C 
The  steam  rises  in  the 
space  A  and  enters  tlie 
space     containing    the 
dressings  frii>m  above  through   the  openings  at  E  in  the  inner  cylinder* 
When  the  lid  F  of  the  apparatus  is  elosfd,  the  steam  cannot  er^upe  shove, 
but  flows  downwai'd  in  the  direction  indicatetl  by  the  arrow,  and  lc*avi>  (b< 
sterilizing  space  by  the  o)icning  f?,  whence  it  passes  through  a  coil  nf  lead 
pipe  to  be  eondeu8e<l  in  a  cooling  vessel,  77,  filled  with  water.     The  liJ  F 
can  be  hermetically  closed  by  means  of  screws  at  /.     A  thermometer  k 
placed  at  T,     The  apace  A  is  filled  with  water  through  the  water-registeriiii: 


I 
\m,    J 


H 


LauteDflchlJieer*fi  *pp<iratTia. 
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gkfls  column,  B^  by  means  of  a  funuel  at  K,  When  the  water  in  the  space 
A  13  heated,  and  before  steam  is  generated,  the  spac^  D  and  the  dressings 
within  it  are  heat<xl,  so  that  when  the  steam  does  enter  this  space  the  dress- 
ings are  alreatly  warmed.  With  a  tight-fitting  lid  {F)  and  a  small  exit-pii>e 
(G),  a  temi>eratnre  of  100^  C.  (212^  F.)  is  attained,  with  a  slight  over- 
pressure amonnting  to  twenty-six  millimetres, — i.e.,  one-thirtieth  of  an 
atniosi>here  (Si*hinimelbuseh),  In  three-  fourths  of  an  hour  from  the  moment 
the  elosed  apparatus  shows  a  temjK'ratnre  of  100°  C.  all  the  dressings  are 
sterilized.  The  steam  ivhieh  flows  from  the  apparatus  at  G  may  be  col- 
let'twl  and  eondensetl  in  a  cooling  vessel  (iZ),  or,  when  running  water  is 
available,  the  steam  may  advantageously  be 
led  to  a  cooling  vessel  and  from  it  to  a  con- 
denser. By  this  means  the  distilled  water 
in  the  condenser  may  either  be  i-Gturned  to 
the  sterilizer  or  used  as  sterilized  water  io 
the  operation.  Lantenseldiiger  has  devised 
a  veiy  simple  attachment  to  his  steam -ster- 
ilizer for  condensing  the  steam  which  es- 
capes. The  apparatns  may  be  heated  by 
gas  or  spirit-lamp,  or,  where  streaming  steam 
is  available,  as  in  a  hospital,  the  larger-sized 
apparatus  may  be  operated  by  connecting  it 
with  tlie  steam*pij3e. 

The  most  approved  sterilizer  for  dress- 
ings is  that  made  by  Richard  Kny  & 
Co.,  of  New  York.  Their  No.  3  is  the 
standard  size,  being  fourteen  inches  in  diam- 
eter and  twenty-tliree  inches  long.  It  is 
cylindrical  in  form,  placed  horizontally,  and 
rests  U[x>n  an  iron  frame.  The  cylinder  is 
made  of  heavy  coId-rollcd  copper.  One 
endj  or  head,  is  permanently  fixed  to  the 
evlinder:  the  other,  holdint^  the  door  of  steruizer  for drewiiigs.  Longitudiimi 
eutraiRT  to  the  yttTilizing  chamber,  is  of 

cast  bronze.  The  door  is  fastened  by  a  single  yoke  and  screw,  and  is 
made  steam-tight  by  the  accurate  fitting  of  the  articulating  surfaces.  The 
apparatus  furnishes  a  moist  temperature  of  228^*^  F.  at  a  steam-pressure 
of  five  pounds,  and  the  a]>paratus  wouhl  resist  a  much  higher  pressure  if 
it  were  requiretl.  The  arrangement  of  the  apparatns  is  such  that  the  dress- 
ings are  dry  wlien  sterilization  is  complete,  a  desideratum  of  the  greatest 
importance. 

Fig.  4  shows  a  longitudinal  section  of  this  sterilizer.  The  lower  section 
of  the  cylinder  is  arranged  to  receive  about  one  gallon  of  water,  which  is 
converted  into  steam  by  gas  heat*  or,  if  the  apfmratus  Ijc  connected,  with 
the  steam  of  the  house  or  hospital.  This  conversion  is  effected  by  means 
Vol.  II.^Sl 
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of  a  steam  circulating  coil.  The  water  section  is  indicated  by  A,  B  being 
the  open  shelf  or  rack  upon  which  rest  the  articles  to  be  sterilized,  either  in 
\\m  cages  or  boxes  (Fig,  8),  the  latter  being  used  to  insure  safe  conveyance 
of  the  dressings  to  wards  or  operating-rooras,  C  is  tbe  sterilizing  chani' 
ber,  D  the  pressure-gauge,  E  the  safety-valve,  F  the  thermometer,  G  the 
atmosphere  filter  and  vatnuim- valve,  H  the  vapor-pipe,  /the  relief  valve, 
*/ the  gas-burner.  Fig.  5,  front  elevation,  shows  the  door  and  its  fastenings. 
Figs,  0  and  7  show  tiie  same  firm's  water-sterilizing  tanks.  The  latest ' 
design  is  drawn  from  a  block  of  copper.     It  is  made  in  one  piece,  except'- 

Fio.  5.  Pio.  6.  Fio.  7. 
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Water-eteriliiiTig  tanks. 


ing  the  lid,  which  is  braz«il  in.  The  tanks  are  tested  to  150  jxjunds 
hydraulic  pressure  to  tlie  sijoarc  inL4i,  They  are  heateil  eitlier  by  steam  or 
gas.  Contamination  of  the  contents  of  the  tanks  is  avoided  by  cutting  off 
the  water-supjily  to  them  and  by  the  use  of  an  air- filter  and  valve.  The 
vacuum  is  overcome  by  the  atmuspbere  passing  through  this  filtering  valve 
before  entering  the  tanks.  Therefore,  the  water  which  is  ubtaine<l  from 
these  tanks  is  first  filtered  and  then  sterilized.  The  **  oold  tank"  is  supplied 
with  means  for  rapid  eiioling  of  the  water  at\er  its  sterilization,  ^4  is  the 
water-filter,  B  tlie  atmosphere-filter  and  vacuum-valve,  C  the  safety-valve, 
D  the  water-registering  glass  column,  £  the  pressnre-gange.     The  capacity 
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of  these  tanks  Is  twenty-five,  fifty,  seventy-five,  and  one  hundred  gallons 
respectively. 

The  ease  (Fig,  8)  fur  holding  surgical  dressings  while  undergoing  the 
sterilizing  process,  and  for  their  safe  conveyance  from  the  sterilizer  to  the 
operatiiig  station,  is  made  by  Richard  Kny  &  Co.,  of  New  York,  accord- 
ing to  Schimnielbusch's  suggestion.  There  are  two  sizeSj  three  inches  in 
diameter  and  six  inches  long  and  six  invhes  bv  six  inches*  It  can,  however, 
ije  obtaintxl  of  any  size  rajuircd.  The  tubular  shape  is  preferable,  but  it  is 
also  made  sfiuare.  At  a  and  at  i 
is  a  row  of  holes  through  which 
the  steam  enters  w Idle  the  cast*  is 
i n  the  nter i  1  izing  chaml Jcr.  A ttcr 
sterilis^itiun  and  withdrawal  of 
the  casi^  froni  tlie  sterilizer,  tliese 
hoh'S  are  closed  Ijy  sliding  the 
band  of  metal  over  them.  An- 
other pattern,  of  the  same  shape 
and  size,  consists  of  two  scetidUSj 
an  iucier  and  au  outer,  the  latter 
sleeving  tightly  over  the  former, 
Tlie  withdrnwid  of  the  tauter 
&e<*tiun  a  luilf-iuch  (as  sliuwn  in 
Fig.  2)  ex|K)8es  the  small  o[xni- 
ings,  tliroiigh  which  tlie  steam 
readily  huds  its  way  to  the  di*«;'S6- 
ings.      Before    taking   the   case 

from  the  sterilizer  the  holes  are  njvered  by  simply  pressing  the  two  sections 
together.  The  case  is  now  praetimlly  hermetically  sealed,  atid  can  be  taken 
to  the  ward,  to  the  ojM'mting-room,  or  on  a  journey  without  danger  of 
contaminating  the  dressings  within. 

This  is  the  most  efficient  means  of  sterilizing  surgical  diY'Ssings.  The 
saturation  of  surgicid  dressings  with  chemiml  disinfcvtants  is  no  more 
efficient  than  the  sterilization  of  the  same  effectetl  by  heat,  provided  the 
dressings  be  [lerffrtly  dry.  Drynem  is  the  enemy  of  the  life  principle  of 
lower  germs,  while  mmaiure  is  that  life  principle  itself  Thus,  dressings 
sterilizetl  by  heat  have  all  the  advantages  of  those  prepared  with  chemical 
disiiUk'tants,  without  their  disadvantages,  as  they  do  not,  like  the  latter, 
irritate  tlie  wonnd-siirhice. 


Case  for  rrUTtjiciil  dri^->hiK>* 


PREPARATION    OP   THE    PATIENT,  OPERATOR,  AND   INSTRUMENTS. 

In  hospital  practice,  the  patient  alnxit  to  undergo  an  important  surgical 
operation — /.e.,  catanict  extraction — ^should  be  given  a  warm  bath,  and 
in  all  similar  instances  in  private  and  public  practiw  a  cathartic  should, 
unkfig  coutra-iiidii^ated,  be  udmiuisteretl  the  day  before  the  operation. 
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The  operator's  hands  and  nails  and  those  of  his  aseiPtanta  should  lie 
thoroughl}'  cleansed  by  liberal  n^  of  warm  water,  Boap,  aod  nail-brush. 
The  brush  is  best  sterilized  iu  the  steaui-sterilizer,  and  kept  ready  for  use 
in  a  solution  of  bichhrkh-  of  mereurt/y  1  :  20W, 

The  bacteria  of  the  aurfaee  of  the  skin  lie  embedded  iu  fat  particles 
and  dill  and  tlie  recesses  of  the  cutaneous  surface.  These  things,  together 
with  the  dtiid  organic  material,  etc.,  fonnd  on  the  surface  of  the  body,  aud 
in  which  bacteria  are  eoiiceakxl,  render  the  process  of  disinfection  of  the 
handle  a  eomplicatetl  ami  diHieiilt  one*  We  have  seen  tliat  bacteria  env^el- 
opeil  in  fat  particles  are  mnch  more  difficult  to  reach  and  influenoe  by 
chemical  disiufe<'tants  than  are  those  iu  pure  cultures  iu  the  lal>orator\\ 
Thereforpj  when  we  consider  the  length  of  time  necessary  to  destroy  some 
of  these  hiw  organisms — t*\'cn  in  pure  cultures — by  means  of  chemical  dis- 
infertants,  it  is  self-evident  that  the  simple  dipping  of  thi'  hands  into  tlie 
strongest  germicide  is  useless,  so  far  as  disin fetation  is  concerned »  aud  that 
it  is  necessary  to  cleanse  the  surface  mechanically  l]>efore  germicides  can  be 
expected  to  be  of  any  use  in  disinfecting  the  hands.  The  first  and  mosli 
efficient  agent  iu  tiiis  mechanical  prcxx'ss  of  removing  dirt  contaiuing  bao 
tetia  of  tlie  skin  is  a  liberal  use  of  soap  and  warm  water*  The  length  of  ^ 
■  time  necessary  to  devote  to  this  scrubbing  of  the  hands  will,  of  coarse, 
depend  on  the  sensitiveness  of  the  skin  and  the  skill  of  the  person  in 
handling  the  brnsh ;  for,  simi>le  as  it  may  seem,  it  ret] n ires  some  pi-actice 
proi>erly  to  scrub  the  hands  and  nails  without  iDJuriously  disturbing  the 
cutaneous  surface. 

In  Bergmann's  clinic  the  disinfedion  of  the  skin  is  done  in  the  follow-! 
ing  manner.  (1)  The  skin  is  energetically  scmbbed  with  warm  water  (aa  ' 
warm  as  can  l>e  comfortably  borne)  and  soaj)  for  at  least  one  minute.  (2) 
The  skin  is  dried  and  rubbed  with  a  sterilized  towel  or  gauze.  The  under 
surfaces  of  the  nails  receive  espe<-'ial  attention,  Ijecause  Fiirbringer  and  others 
have  shown  that  these  are  the  parts  of  the  hands  which  ai'e  most  rich  in 
germs.  (3)  The  skin  is  rubbed  tor  one  minute  with  eighty-jx^r-cent.  alcohol 
by  means  of  sterilized  gauze.  (4)  The  skin  is  irrigattJ  and  rnbbeil  ^^'itU  a 
eolation  of  bichloride  of  mercury,  1  :  20(!Hl.  When  the  skin  is  very  dirty 
it  is  advised  to  ruli  tlie  skin  with  ether  before  applying  the  disinfec^nt. 

The  snrge<jn  slionld  always  repeat  the  disinfe<"tion  of  his  hands  after 
every  examination  or  oj>eration  in  which  he  touches  infected  material, — 
f.€,j  a  su]ipy rating  wonnd, — not  alune  for  his  own  personal  security ,  but,  as 
St^himinelbusch  properly  siiys,  more  to  prevent  infection  germs  from 
"nestling  in  and  adhering  to  the  hands*" 

A  soap  should  be  selci^ted  whicrh  has  undergone  cooking  in  the  manu- 
facture ;  and  those  soaps  should  lie  avoideil  which  are  made  with  cold  fats 
and  lye. 

The  patient's  face  about  the  eye  to  be  operated  upon — »*e.,  the  eyebrow 
and  eyeli<ls — should  be  energetically  scrubbed  with  absorbent  cotton  armed 
vith  soap  and  warm  watei*.      The  edges  of  the  eyelids  and  cilia  should 
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receive  especial  attention.  Grasp  the  edge  of  first  the  upper  and  then  the 
lower  eyelid  between  the  index  finger  and  the  thumb,  and  rei>eateilly  draw 
them  over  the  edge  of  the  lid  and  the  eilia.  In  this  way  we  mechanieally 
eleanse  the  eilia  and  detaeh  tho8e  whteli  may  l:>e  loose,  and  at  the  same  time 
Sfjueeze  out  any  plugs  of  se<n*etiou  which  may  be  in  the  ojK'ning  of  the 
Meibomian  follicles.     These  parts  are  then  washed  ivith  plain  Iwiled  water. 

The  nmjunetival  surface  is  next  waJshcd  with  solution  oi"  sodium  chloride, 
0.5  per  cent.,  which  has  been  sterilized  by  boilings  This  solution  is  less 
irritating  than  plain  water.  The  lids  are  everted,  and  the  surface  of  the 
conjunetiva  and  the  site  of  the  oj>cnitinn  are  gently  wiped  with  aseptic 
ab6<^rl>ent  cotton  >vhich  has  l)een  dipjK'il  in  the  warm 
steriliztxl  stilt  solution.  A  small  pict^e  of  the  same 
absorbent  cotton,  wound  about  a  tx)ttou-holder  and 
dippi^  in  the  salt  solution,  is  passed  up  into  the  cul- 
de-sac  w^hile  the  lid  is  lifted  away  from  the  globe  by 
means  of  a  sjieculuni,  and  the  sorfat^e  of  this  part 
is  gently  wIjkkI  and  then  freely  irrigated  with  the 
same  solution.  The  glass  bottle  (Fig.  9)  which  the 
MTiter  devised  for  washing  out  cortical  matter  after 
cataract  extraction  serves  this  purpose  very  well.* 
The  alternate  wiping  and  irrigation  atTComplish  all 
that  It  is  possible  to  accomplish  in  rendering  the 
mucous  surfiice  aseptic. 

The  cocaine  solution  may  be  boiled  in  the  bottles 
which  we  have  devised  for  this  purpose  (Fig.  10). 
Strosc*hein*s^  bottles  are  also  well  adaptctl  for  this 
purpose.  Stroschein  has  calculated  that  the  loss 
of  water  by  boiling  the  solution  is  about  0.8-1.0  cubic  centi metre ;  there- 
fore, when  we  wish  to  maintain  a  certain  concentration  of  the  eolution^ 
from  ten  to  fifteen  drttjis  *>f  water  are  added  to  the  solution  before  boiling. 
The  boiling  is  continued  for  three  minutes. 

Instruments  which  have  joints  and  rough  surfaces  are  thoroughly 
scrubl>e<:l  with  soap  and  hot  water  after  an  opemtion  ;  boiling  for  three 
minutes  in  a  one-per-eent.  solution  of  soda  (sodium  carbonate)  is  then  suf- 
ficient preparation  for  the  next  operation.  The  advantage  of  the  soda 
solution  is  that  it  prevents  the  instruments  from  becoming  rusty,  as  they 
would  if  sterilized  in  steam  and  plain  boi hug  water.  The  capsuhtome  and 
dhctHsion-kutfc  should  receive  attention  :  the  point  should  be  examined 
under  a  magni tying  lens  for  any  eolleetion  of  blood,  rust,  etc.    The  handles 


/' 
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*  This  bottle  in  not  ea«t  in  a  mould,  but  blown ;  tberefore  the  solution  may  be  boiled 
in  it  over  a  Bpirit-lamp,  The  glaea  stopper  shown  at  4  (Fig.  9)  closes  the  hoUow  stopper,  1, 
and  prevf^nts  the  fluid  in  the  bottle  from  becoming  contaminated  by  coatiict  with  the  rubber 
nipple,  S,  wlien  the  bi>tlle  is  transported  j  the  collar,  6»  pnUects  the  mouth  of  the  bottle 
^from  collections  of  dufet,  etc. 

»  Von  Graefo^s  An;h.  f.  Oph.,  1892,  Bd  xxxviu.,  Heft  ii.,  S.  169. 
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of  the  instrumentB  to  be  boiled  should  be  made  of  aluminum,  and  nickd- 
plated,  as  the  aluminum  is  attacked  by  the  soda  solution.  Hollow  steel 
handles  are  preferable.  The  Graefe  cataract-knife  need  not  be  boiled ;  it 
suffices  to  dip  the  blade  into  the  boiling  soda  solution  and  wipe  it  with  dean 
absorbent  cotton,  this  operation  being  repeated  several  times.  In  order  to 
avoid  blunting  of  the  cutting  edge  and  point  of  fine  scissors,  etc.,  sudi 
instruments  should  not  be  allowed  to  remain  in  the  boiling  soda  solution. 

Pig.  11. 


,  ^ 


After  washing  the  cutting  instruments  they  should  be  placed  in  ninety- 
five-per-eeiit.  alcohol  for  thirty  minutes.  The  alcohol  does  not  affect  the 
cutting  edge  or  point  of  the  Graefe  knife.     After  removal  of  these  instru- 
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Ground-plan  of  writer's  sterilizer.— 1.  outer  box  containing  boiler,  2,  and  tray,  8,  the 
latter  being  supplied  with  a  movable  rack,  4,  for  holding  instruments  (the  boiler,  2,  has 
its  own  cover  and  is  intended  for  instruments  only);  5,  lamp;  6  and  7,  bottles  (see  Fig. 
10)  for  solutions. 

ments  from  the  alcohol  they  should  be  dipped  into  sterilized  warm  water 
and  gently  wiped  with  a  sterilized  cloth. 

The  apparatus  used  in  hospitals  for  sterilizing  instruments  in  boiling 
soda  solution  is  shown  in  Fig.  11,  placed  on  its  iron  stand.     The  standard 
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size  is  seven  inches  deep,  twelve  inches  wide,  and  twenty-two  inches  long. 
It  is  made  of  copper  lined  with  tin.  Tlie  instrnnients  while  being  Iwiled 
are  placed  on  a  brass  tray  which  is  immersed  in  the  solution. 

For  private  practice  the  writer  has  devisol  a  portable  apparatus  for 
Bteriliziug  inistriiments  in  soda  solution  (Figs.  12,  13,  14,  15),  which,  be- 
cause of  its  small  size,  is  very  convenient,  the  dimensions  being  as  follows : 
the  tray  for  instruments  (Fig,  12,  3)  is  five  inches  wide  and  six  inches  long  j 
the  case  (Fig.  15)  containing  the  tray,  boiler,  lamp,  and  bottles  is  eight 
inches  long,  five  inches  wide,  and  one  and  a  half"  inches  deep. 

Fio.  18. 
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IHreathns  for  using  ifte  Writet'^s  Apparaliis. — In  preparing  instruments 
for  an  oj^eration  the  water  is  taken  boiling  from  the  house-kettle.  This 
is  done  for  the  double  purpose  of  saving  time  and  to  insure  the  use  of  clean 
water.      About  five  ounces  of  water   containing   twenty-four  grains  of 
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Sterilizer  over  tamp. 


Case  coratnlniiig  Bterlllzer,  lamp,  and  bottlet. 


washing-soda  are  poured  into  the  boiler  (Fig.  12,  2) ;  the  tray  containing 
the  instruments  is  lowered  shjwly  (held  by  the  handle  of  its  lid)  into  the 
solution  in  the  boiler ;  the  solution  passes  readily  up  into  the  tray  through 
the  holes  in  its  Wjttora.  Tlie  boiler  is  now  closed  and  placed  on  the  stand 
over  the  spirit-lamp  (Fig.  14),  As  boiling  water  was  taken  in  the  first 
place^  the  solution  begins  to  boil  in  a  few  seconds.  Aiter  boiling  for  three 
minutes  the  lamp  is  extinguished  and  the  tray  is  lilled  slowly  out  of  the 
boiler,  the  solution  teing  allowed  to  run  off  into  the  boiler  through  the 
tray's  perforated  bott^>m  before  placing  the  tray  on  a  clean  towel  prepai'ed 
to  receive  it  on  the  table.  In  a  few  seconds  the  instruments  are  dry  and 
ready  for  use. 
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Irdrodueiion. — The  rektion  of  bacteria  to  disease  had  scarcely  planted 
a  distioot  footprint  in  medical  science  before  oi>lithalmolo^ist.s  realiztxl  that 
that  impression  |>ointe<l  in  a  direction  where  the  exjdanation  of  many 
hitherto  uniimh-rstiHid  plienoniena  mi^ht  be  found. 

No  considerable  study  is  neede<l  to  prove  to  reasonable  men  that  tlie 
moist  surface  of  the  coniunetiva,  always  on  fliat  side  of  the  individual 
expKsed  tr>  the  air  and  dust  as  he  walks, — nibbetl  by  fingers  soiled  by  tl»e 
instniments  of  handicraft,  the  contact  with  the  surface  of  the  IkkIv  in  liealth 
and  disease,  and  sometimes  such  highly  se|)tic  material  as  that  from  the 
uiTthra  in  gonorrhoea ;  washed  with  water  from  rivers,  cret^ks,  p<indsj 
buckets,  and  all  sorts  of  clean  and  dirty  receptacles;  wiped  with  towels, 
wash-cloths,  hant]kerchiefs»  coat-sletn-es,  and  whatever  else  comc«  to  haml, 
— must  indeed  lie  a  |xirt  of  the  l»ody  al>ove  all  others,  scarcely  excepting 
the  nose  and  mouth,  open  to  the  lodgement  of  bacteria.  Moreover,  the 
slight  alkalinity  and  small  amount  of  proteid  material  contained  in  t!ie 
normal  m>cretions,  as  well  as  the  flui  tliat  there  are  folds  and  crypts  in  the 
conjunctival  merubrane,  favor  the  development  of  whatever  germs  acci- 
dentally enter,  unless,  as  Bernheini  seems  to  show,  the  lacrymal  fluid  is  an 
antiseptic. 

But,  numerous  as  are  the  sources  of  infection  which  we  have  mentioned, 
they  are  not  all ;  indeetl,  they  form  the  least  dangerous  stjurce  of  contami- 
nation. The  j>resence  of  micro-organisms  upon  the  conjunctiva  not  infre- 
quently depends  upon  infection  fn^m  the  nose  through  tlie  nasal  duct  and 
Uie  lacrymal  sat*,  resulting  from  the  anatomical  configuration  of  the  parts, 
the  continuity  of  tlie  mucous  membmnes  of  the  eye,  lacrymal  tract,  and 
nose  furnishing  a  means  of  conveyance  for  saprophytic  and  parasitic  (pathc*- 
genic)  oi^nisms  from  the  eye  to  the  nose,  and  vice  versa.    It  is  also  asserted 
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that  infcM:»tioii  of  tlie  conjunctiva  may  occur  frMiu  disease  of  neighboring 
bones  and  inHaninmtion  of  their  sinuses,  es|>ccially  the  maxillar>*  sious. 
It  may  appear  by  the  etinveyance  of  micmoi^anisms  to  the  cx)iijuneti\'a 
through  the  bloocl-  and  lymph -vessels  in  eiLses  of  disease  of  remote  organs, 

Tlie  various  researches  of  Sattler,  Mieliel,  Fick,  Weeks,  Shongulowicz^ 
and  many  others  have  clearly  established  the  constant  presence  of  numerous 
Ijarmfiil  as  well  as  harmless  l)EU't(*na  upon  the  vyi\  and  by  this  demon- 
stration have  shown  a  taetor  in  prognosis  wliieli  had  not  previously  been 
eonsidertKl,  One  can  prognosticate  the  result  of  a  cataract  operation  mucb 
less  acenrately.  when  lie  knows  that  the  stiiphyloooceus  pyogenes  aureus  id 
always  p resign t  in  tiie  eye. 

Tlie  lacrymal  sac  furnishes  a  medium  of  culture  almost  perfect  for 
many  organisms,  and  is  a  permanent  source  of  infection  wtiieh  is  liable  to 
bring  alx>ut  suppuration  pruct^sses  in  traumatic  and  operative  wounds  of 
tlie  eye,  in  spite  of  tljc  most  rigid  antis€*psi8  of  tlie  conjunctiva.  This  is 
probably  one  reasnu  of  the  corneal  ulcers  following  slight  wounds;  sup- 
puration following  catamct  operation  ;  tubcrculysis  conjunctiva*  foUomng 
primary  tubemulosis  of  the  sac  ;  conjunctivitis  following  oziena,  diphtheria, 
influenza,  and  measles ;  and  the  injection  and  lacrymation  accompanying  a 
coryza. 

Many  organisms  are  unable  to  injure  the  normal  membrane,  but  onoe 
alh  »w  tliem  access  to  a  Isesio  coji^hmi  and  they  l>eeorae  the  source  of  trouble- 
some infection.  I^^lK^r  lias  shown  how  serious  may  be  the  results  of  the 
growth  of  comparatively  harmless  organisms  if  once  they  secure  a  footing 
in  tlie  ]iroj>er  soil,  and  reason  exists  why  we  should  Ijclieve  that  keratitis 
miiy  result  from  oi"dinarily  harmless  bacteria  should  they  gain  entrance  to 
tlie  corneal  layers. 

The  work  of  our  predecessors  has  been  comprehensive  and  thorough, 
though  mostly  in  sjiecial  lines.  Thus,  Giflbrd,  who  was  one  of  the  pioneers, 
studinl  the  mtcro-orgauisms  found  upon  a  large  nnmlier  (twenty-eight)  of 
conjunrtivte  affiled  with  phlyctenular  conjunctivitis,  and  suc*ceetled  in  cub 
tivating  seven  different  micrococci,  but  no  Ijacilli.  Fick  investigattxl  eighty- 
five  normal  au<l  chroiiir-ally  inflamed  cr*njunctivie,  and  suet^ceded  in  culti- 
vating stn'cn  bacilli  and  numerous  cocci,  some  of  which  were  jxithogenie, 
Wec4's  investigated  ojihtlialmia  neonalorum  and  "pink  eye," and,  in  addi- 
tion to  some  known  organisms  which  be  met,  dcscril>cd  a  specific  bacillus 
of  **  pink  eye"  and  a  few  others.  Knchareki  studitHl  twenty-six  trachoma 
cases,  and  found,  besides  the  coc(?us  which  lie  thought  to  Ix*  sjK^ific,  a  num- 
ber of  ordinary  contaminating  forms.  Shongolowicz  also  investigated  tra- 
choma^ and  found  a  variety  of  l>at*tcria,  harmless  and  barnifub  among  them 
a  tww  bacillus  which  he  supposinl  to  Ix'  sjKrific  fur  the  disease.  The  latest 
pajiers  are  those  of  Hildel>rand,  Bcrnhcim,  and  Marthen  of  Zurich,  and 
contain  the  description  of  numerous  s|>ecies. 

The  work  of  the  al>ove  authorities  is  highly  commendable,  and,  con- 
sidering the  impediments  which  must  be  overcome  in  such  investigations,  ia 
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deplorable   that 


ophtlialroologists 


remarkal^ple.  It  is,  hawe 
have  hurried  into  the  Imetenologieal  study  of  caster?  witli  so  incomplete  a 
kuowletige  of  the  subjet.»t  as  to  render  their  work  not  only  valoeless,  Init, 
worse  than  that,  an  olistaele  in  the  way  of  others. 

The  n>n fusion  which  results  from  this  lack  of  preparation  leads  to  tlie 
hurried  pnblicatiou  of  supposed  discoveries,  ac^eonlpanied  by  such  incom- 
plete dt^seriptions  as  tn  hindej'  further  wru'k  ujjon  the  subject*  This  state  of 
affairs  is  particularly  observable  in  the  great  variety  of  organisms  described 
as  siKK'ific  for  trachoma.  As  will  lie  seen  by  referring  to  the  part  of  our 
paper  which  treats  of  that  subject,  a  krge  numi>erof  df^.'ript ions,  all  vary- 
ing more  or  less,  have  been  given  of  organisms  whicli,  when  carefully 
aualyzetl,  pn^ve  to  lje  only  one  or  two  sjjecies  after  all.  It  would  scarcely 
be  pos^sible  for  one  to  descrite  an  organism  characteristic  of  trachoma,  at 
the  presi^nt  time,  without  the  danger  of  an  accusation  of  plagiarism,  for 
every  j>ossible  organism  htks  already  been  described  by  some  one  ol*  these 
enthusiasts. 

We  do  not  make  these  remarks  for  the  purjKiso  of  discouraging  original 
work  of  this  kinil,  but  as  a  caution  against  the  abuse  of  descTiption  which 
accom])anies  careless  or  sni>erfieial  work.  At  this  time,  when  so  many 
varieties  of  bacteria  are  known,  and  uhen  so  many  of  them  difler  only  in 
minute  details,  the  ilescription  of  tliem  amnot  be  too  complete,  and  too  many 
of  their  jieculiaritii^s  cannot  be  pointed  out.  A  description  which  covers 
several  pages  may  prove  tiresome  reading  to  the  busy  practitioner ;  but  when 
he  lieconies  the  bacteriologist,  and  by  comparison  must  identify  the  species 
which  he  has  captured  by  reference  to  that  same  long  description,  it  will 
prove  too  short  rather  tlian  over  long,  for  a  whole  volume  upon  a  new 
organism  is  worth  more  tlian  such  descriptions  of  the  earlier  writers  as 
"  short  rcxls  having  a  springing  movement,"  ur  **  round  dots  enclosed  in 
epithelial  cells." 

As  has  been  intinmted,  most  of  the  bacteriological  studies  of  the  eye 
have  been  the  outc<jme  of  rcsearclies  in  aj>ccial  fields.  So  tar  as  we  know, 
there  has  never  been  an  attempt  to  bring  together  a  list  of  all  the  organisms 
whlcli  have  l>ccn  found  in  the  eye,  aud  tlie  number  of  investigators  who 
have  studie^l  the  conjunctiva  for  the  purpr^se  of  determining  how  great  a 
variety  of  bacteria  it  would  yield  has  tieen  very  smalL 

The  editors  of  this  work  eont?eiveil  that  one  source  fif  the  bacteriological 
errors  made  by  ophthalmologists  <le]>endtHl  upon  the  insufficient  data  ^vith 
which  tliey  were  furnishetl,  and  deemetl  it  advisable  to  enter  in  their  System 
this  jiapiTj  which  should  ciimprise  as  complete  a  catalogue  as  possible  of  all 
the  bacteria  which  have  l>een  f>und  u|K»n  tlie  tvinjunctiva  and  in  the  lacry- 
mal  apparatus,  as  well  as  an  ex  j>tTi mental  research  for  the  possible  discovery 
of  new  ones. 

For  this  purpose  the  following  eases  from  the  Eye  Clinic  r»f  the  Uni- 
versity of  Pennsylvania  and  of  the  Wills  Eye  Hospital  were  kindly  placed 
at  our  disposal  ; 
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Normal  conjunctlvus  ,   , 18 

Acute  catarrhal  conjunctivitia ,.,.....  8 

Follicular  conjunctivitis  ........,....•,.,*  1 

Granular  conjunctivitis    . , ,  6 

Phlyctenular cmjuBctivitiB .    ,   ,    .  1 

Chronic  conjunctivitis  with  bl en norrhoBft  of  sac 3 

Chronic  conjunctifitia  of  socket    .-• 1 

Scrofuloujs  keratitis   .   .    *       .    .    * 1 

Iritis *    . 2 

Specific  iritis 1 

Lacrymal  obstruction 26 

Dacryocyetitis 1 

Panophthalmitis 1 

Ophthalmia  noonatorum 1 

Trauiimtic  catamct I 

Chronic  ectropion ,    ,    .   , .  1 


The  result  of  the  examination  of  tliese  cases  seems  to  have  proved  the 
habitual  presenee  of  miero-orgatjisins  upon  tlie  conjunctivae,  and  to  have 
shown  that  the  species  most  commonly  found  are  those  most  frequent  in 
the  air  and  in  the  dust.  Thu.s,  the  eye  iu  which  tlie  greatest  Dumber  and 
variety  of  microbes  (X'currefl  %vas  iu  a  ai.sc  of  chronic  tx'tropion*  On  the 
other  hand,  Bernheim,  of  Professor  Haab^s  clinic  iu  Zurich,  in  an  elab- 
orate treatise,  bus  convincingly  shown  that  the  lacrymal  secretion  possesses 
a  leebly  uutiacptic  power. 

For  the  convenience  of  tlie  reader,  we  have  thought  it  advisable  to  place 
the  rej^jults  of  our  observations,  together  with  those  of  our  predecessors,  in 
as  complete  an  alphabetical  catalogue  of  the  numerous  micro-organisms j 
that  liave  been  dcs<_'ribcd  as  oceurring  upon  tlie  conjunctiva  and  in  the 
lacrymal  sac  as  is  possible,  sparing  no  pains  in  making  the  deseri|>tion3 
clear,  and  trusting  to  the  reader's  patience  to  sec  him  through  the  fallowing 
pages. 


I 


Bacilhis  Cm-ulefaeiem  (n.  sp.,  McFarland), — This  bacillus  was  met  with 
once  in  the  conjunctival  sccnition  of  a  ease  of  granular  wnjnnctivitis. 

It  is  a  minute  tiacillus^  measuring  from  about  1.50  to  1.75  ft  in  length, 
and,  l>eing  very  slender,  ofien  curved,  so  that  there  is  some  resemblance 
between  it  and  the  tul>eivle-bacillus.  It  was  never  observed  to  form 
fihimcnts  or  chains,  the  individuals  being  constantly  isolated  and  having 
rounde<l  ends. 

When  examined  in  the  hanging  drop,  the  individuals  are  found  to  be 
actively  motile.     No  spores  can  be  detcct^Mj. 

The  bacillus  colors  quite  well  with  the  oitlinary  dyes,  and  stains  well 
by  Grants  method. 

When  cultivated  upon  gelatin  plates  the  cohmics  appear  in  from  twenty- 
four  to  forty-eight  hours  as  small,  circunisiTilK'd,  nmnd,  slightly  granular 
points,  which   increase  but  little  in  size  in  the  next  twenty-four  hourSi 
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Cultures  of  btcllliis  c^rulefficleiui  In  gelatin^ 
-^  1  week,  b,  2  weeki,  c,  3  weeks,  and  d.  4  weeks 
old. 


ivhieli  liave  a  yellowi^li  culur,  antl  whu-b  gracliially  sink  l^elow  the  surfaoe, 
po^aibly  because  of  the  evaporatiuii  of  the  blowly  liquetial  gelatin* 

At  different  times  cultures  made  by  puncturing  the  gelatin  lx*haved 
ditTerently.  One  series  of  tubes  Khowetl  no  li(|uefaetion,  but  a  yellowish 
suriaee  growlh  and  a  moderate  growth  iu  the  puncture,  from  the  upper 
part  of  which  a  few  filaments  were 
seen  radiating  into  the  normal  gela- 
tin immediately  Ix^low  the  surface 
growth.  A  second  series,  made  some 
time  later,  produced  a  small  ai'ea  of 
li<)uefaction  bel(»w  the  surface  growth, 
A  thiRl  series,  made  in  gelatin  to 
which  gluoose  was  added^  did  not 
liquefy,  though  tlie  gro^vth  attaininl 
considerable  size  and  was  \vhiter 
than  on  ordinary  gelatin.  From 
this  it  would  seem  tliat  this  organ- 
ism does  liquefv  at  timeSj  wdiile  at 
other  times  it  does  not.  The  lique- 
faction must  always  be  slow.  No 
gas-bubbles  are  obser^^ed. 

Linear  culturc^s  upon  agar-agar  are  devoid  of  any  characteristic  pecu- 
liarities. The  growth  appears  simply  as  a  delicate,  slightly  yellowish, 
translucent  Ixmd. 

The  growth  on  potato  is  beautiful  and  characteristic.  In  the  course  of 
twenty-four  hours  a  yellow  band  of  a  lemon  hue,  smooth  and  sliining, 
considerably  elevat(d  above  the  potato,  occ^urs  along  the  line  of  inoculation. 
This  increases  in  size  for  the  n*'xt  twenty-four  hours,  and  at  the  tempera- 
ture of  the  room  a  change  tiikes  plai-e  in  the  p>tato,  wliich  begins  to  take 
on  a  bluish  color  in  immediate  contact  with  the  growth.  On  the  third  day 
the  pot-ato,  for  a  considerable  arai  surrounding  the  growth »  betx>mes  of  a 
brilliant  blue,  which  deepens  in  intensity  by  the  fourth  day,  and  by  mixing 
its  color  with  the  yellow  of  the  g^wth  causes  (he  latter  to  appear  green. 
Uu  the  third  day  the  appearance  of  the  bright  yellow  growth  on  the  blue 
potato  is  \'ery  pretty. 

When  the  cultivation  is  Cduductt^l  in  the  thermfjstat,  the  growth  is 
yellow,  but  no  change  occui's  in  the  potato.  After  from  seven  to  nine 
days  the  blue  t^dor  lades  and  leaves  a  dirty -greenish  grow^tli  upon  a  lead- 
colored  potato.  The  more  frequently  the  bacillus  is  gmwn  upon  jiotato  the 
more  intense  is  the  blue  color. 

When  cultivate!  in  liquid  mt^lia,  such  as  lx>uillou  and  peptone  solu- 
tion, no  other  change  than  a  diffuse  (^loudtness  can  be  obscrve<b 

There  occurs  a  progressive  and  intense  alkali  prf«luction,  which  causes 
the  blue  color  of  the  litmus  milk  to  deepen.  In  the  second  week  a  scai*let 
ring  liegins  to  form  about  the  top. 
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lu  some  respects,  as,  for  instant^*,  the  formation  of  a  scarlet  color  upon 
the  surtace  of  the  litmus  milk,  this  baeilhis  resembles  the  l>acillu8  lartts 
erytiirfigones  of  Hupj)e,  of  which  it  may  pi^ssihly  be  a  variety.  Tlie^ 
diticiTiKvs  arCj  lu)we%'er,  so  marketl  that  we  feel  jm?ti*ied  in  describing  it  as 
a  new  sjK'cies.  The  bacillus  1  act  is  crythrogeaes  is  n  on -motile  ;  the  bacillus 
ecenilefaciens  is  motile^  and  actively  so.  The  former  has  for  its  chamc- 
teristic  growth  upon  potato  the  formation  of  a  grayish*whitc  Ijand  upm 
a  darkly  dis^i-oloral  potato  which  ftuhse«nicnUy  Ix^'omes  rt»ildish,  while  the 
yellow  and  bhic  of  the  latter  never  fail.  The  growth  also  differs  in  gelatin 
aud  on  agar-agar. 

Capftuie  Baeiflm  of  Lm'b, — This  was  obtaiued  from  a  case  of  kerato- 
mahicia  infantum  by  inoculating  mtKlia  with  a  little  of  the  softened  exudate 
of  the  cornea.  It  resi'niblcs  tlie  l>acillns  eapsuhitus  of  I*feit!cr,  but  is  said 
to  l>e  somewhat  hirger  and  thicker  tliau  the  latttT.  In  the  bhxxl  of  mice, 
however,.  lx>th  liacilli  vary  consideral>ly  in  size,  and,  according  to  Loeb, 
it  is  not  possil>Ic  to  determine  with  certainty  that  one  bacillus  is,  on  the 
average,  larger  than  tlie  other. 

In  staining  reactions,  also,  no  difierenoe  is  observed  ;  both  bacilli  stain 
with  the  usual  aniline  colors,  and  un*ler  t^eiiain  circumstances  the  centre 
of  the  i\k1s  is  less  dtn^jdy  stniue<l  than  are  ibc  extivmities. 

It  is  an  aerobic  and  facultJitive  anaerobic,  non-liquefying,  non-motile 
haeillus,  and  grows  in  the  usual  culture  media  at  the  i*oom  temperature. 
In  its  growtli  in  culture  mwlia  it  elosi'ly  resembles  the  bacillus  capsnlatus 
of  Pleitier. 

It  is  pathogtmic  for  mice  and  for  guinea-pigs,  but  not  for  rabbits  and 
for  pigeons  ;  Pfeiifer's  Ijaciltus  is  pathogenic  for  these  animals, 

Baeifhw  of  Cohmtiafti,' — Tliis  organism  was  obtained  from  xerotic  masses 
obtained  from  tlie  eye  of  a  child,  and  in  cases  of  ctinjuuctivitis  fn>m  the 
lacrymal  fluid.  The  morphology  of  the  oi^nism  is  similar  to  that  of 
the  bacillus  tjf  mouse  sept i etc mra,  and  its  size  is  almost  the  same.  Gener- 
ally the  l>ac*illi  arc  associat<\l  in  irregular  groups. 

The  organism  is  aerobic,  does  not  liquefy  gelatin,  forms  small  splierical 
spores,  generally  sitnatcrl  at  the  ends  of  the  rods,  and  is  not  possc^ssetl  of 
motility.  It  n^^uiiTS  a  teni|_wraturc  of  34°  to  3H°  C.  for  its  development, 
and  appears  on  agar-agar  as  a  thin,  colorless  film  with  a  highly  refract- 
ing, lustrous  character.  On  blo<Ml-scTum  a  long,  dull  gray  baud,  alKJUt 
two  millinietiTS  in  breadth,  with  the  simie  lustre,  occurs.  It  docs  not 
develop  upon  potato  or  in  gelatin. 

We  succ*»e<kHl  in  cultivating  an  organism  similar  to  this  fn.>m  a  normal 
conjunctiva,  but  the  description  given  is  t^Ki  meagre  to  allow  us  to  identify'  it> 

Bacillm  Cimtvm^nptns  (McF,).— This  slii^rt,  oval  Imcillns,  measuring 
from  1  jtjt  to  1.5  ft  in  length  and  from  .6  /a  to  .75  /j  in  breadth,  with 
rounded  cuds»  seldom  forming  chains  of  as  many  as  ten  individuals,  and 
to  all  appcamnci»s  without  s[>orcs,  was  found  but  once.  It  was  a  delicate 
grower,  and  did  not  pass  through  many  generations  before  dyii^  out. 


dri 
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It  stiiins  well  with  the  aniline  dves  and  excellently  by  Gram\s  methtxl, 
whieh  oaiised  it  tu  a()j>ear  a  little  longer  and  more  slender. 

Upon  gelatin  platt^  the  colonies  appear  in  twenty-four  hours.  After 
forty-eight  houi*s  they  are  seen  as  slightly  granular,  orange-yellow,  sharply 
cireunisj^criliwl,  slightly  elevattxl  masses,  whieh  are  soou  surreunclci:!  by  a 
slight  deprt^sion,  which  lieeomes  larger  a8  the  gelatio  slowly  liqueties  and 
evaporates.     The  colonies  always  remain  small. 

In  gelatin  punctures  the  growth  does  not  attain  any  characters  until 
several  days  have  passed.  About  the  fourth  day  a  dimple  is  visible  upon 
the  surface,  at  the  bottom  of  which  a  yellow  sjiet^k  is  obscrViH.b  This 
increases  in  size  and  becomes  a  sort  of  surface  growth  Avhieh  is  at  the 
bottom  of  a  cup  from  Avhieh  the  liquefied  gelatin  evaporates*  In  about  two 
weeks  the  liquefaction  prrjceeils  more  rapidly  than  the  evaporation  and 
causes  the  yellow  growth  to  float  in  tlic  liquid*  In  tlirce  weeks  the 
liquefaction,  which  remains  eup-like,  reaches  the  sidcB  of  the  tube,  but 
spreads  downward  slowly,  so  that  tlie  liquefaction  is  not  complete  until  six 
or  eight  weeks,  after  which  the  liquefie<l  gelatin  is  floceulent. 

The  growth  on  agar-agar  is  circuniscribxl,  fitrmiog  a  nithcr  narrow 
band  along  the  line  of  inocndation.  It  is  of  an  t>rangc-yellow  color,  trans- 
pareotj  and  spn^ading  at  the  mlvB  by  a  series  of  rounded  j>roct'ssc^s  some- 
what resembling  the  tluUnl  tt^4h  of  a  saw.  It  never  si>reads  over  much 
surface,  au<l  avt»ids  the  expressal  water.  When  touchetl  with  tlie  platinum 
wire  it  is  quite  friable,  and  the  broken  masst^s  of  it  can  with  ease  lie  slid 
about  on  the  surface  of  the  agar.     Tlie  zigar  dijes  not  lx*come  c\)loi^L 

Although  several  attempts  were  made  to  grow  the  bacillus  on  potato, 
it  was  never  aixomplishetl,  either  at  the  room  temperature  or  at  the  tem- 
perature of  the  b(Hly. 

In  litmus  milk  there  seems  to  be  a  slight  increase  of  alkalinity  and 
subsecpient  digi'stion. 

The  gnnvth  in  bouillon  is  nipid,  and  causes  a  diffuse  cloudiness  with  a 
fl  ocen  lo-ge!  a 1 1  n o  u s  p i^^i  p  i  ta t  i  i  j  n . 

This  l>aeillus  has  not  a  few  features^  in  common  with  the  badllus 
fnlrnii  of  Zim merman n,  but  differs  in  its  growth  in  gelatin  and  on  agar, 
and  markedly  in  not  gr'r>wing  on  jwtato,  and  in  piHxlucing  alkalinity 
instead  of  acidity  in  litmus  milk. 

Bficfihi^  (hll  Communis, — This  bieillus  was  for  a  long  time  considered 
to  be  a  mere  sa|)ropliyte,  Imt  its  presence*  is  now  nearly  univcrstdly  admitted 
in  many  iuflainmatory  lesions,  sotuetimcs  aivonipanied  by  other  jiathogenic 
germs,  very  often  alone.  Its  imj>ortauce  in  diseases  of  the  conjunctival  tract 
18  shown  by  tlic  observation  of  Randolph,*  who  reports  the  prcseut^^  of  a 
germ  identical  with  the  bacillus  coli  communis  in  the  pus  from  a  ciise  of 
panophthalmitis  traumatica.  It  was  the  only  oi^nism  found,  and  inocula- 
tion exjwrlmeots  were  suecessfuL 
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The  luicrolx'  is  a  badllas,  aerobic  and  facultative  anaerobic,  motile,  but 
not  actively  so ;  it  does  not  liquefy  gelatin^  ami  does  not  produce  spores. 
This  motility  h  seen^  by  appropriate  stiiining,  to  be  due  to  the  action  of 
flagella,  generally  from  thn^e  to  bix  in  number. 

It  stains  with  the  aniline  dyes,  Loffler^s  methylene-blue  or  Ziehl's  carbol* 
fuchsiue  being  the  most  successfuL  Gram's  method  gives  negative  resulta 
A  colored  cover-glass  prepamtiou,  microseopically,  shows  small  l>acilli, 
2  to  3  /A  in  length  by  0,4  to  0*6  /^  in  thickness,  isiilated  or  in  pairs.  A 
certain  pleomorphism  seems  to  exist,  fiir  associated  with  these  we  find 
longer  liacilli,  measuring  5  fi  and  even  more  in  length,  and  often  small 
cocci  tbrms  about  0.5  fx  in  diameter.  Irregular  forma  of  involution  and 
degenerative  forms  are  frequently  met  with. 

On  platens  of  ti'U-per-c^^ut.  gelatin,  small,  (mle,  straw-colored,  homo- 
geneous or  finely  granular  colonies  soon  make  their  appearance.  They 
become  darker  in  the  centre,  and  are  then  surrounded  by  more  transparent 
zone^  Generally  they  are  round,  but  they  may  be  irregular  in  shape.  Upon 
the  surface  they  are  larger,  often  spreading  to  three  or  fonr  centimetres  in 
diameter.  These  have  an  opaque  centre  surrounded  by  a  semi-transparent 
zone  with  undulating  margins,  and  are  often  irregular  in  shape  and  marked 
with  concentric  lines.  In  stick  cultures  in  the  same  medium  a  similar ^H 
grov\^th  covers  the  surface  of  the  gelatin,  but  more  luxuriant  in  develop- ^H 
ment,  and  the  growth  along  the  line  of  inoculation  is  composed  of  closely  J 
parked  colonies,  which  are  white  by  reflected  and  yellowish  brown  by  traiis*^H 
mitted  light.  Crystals  of  amraouio-magnesian  phosphate  very  often  appear ^^ 
as  moss-like  outgrowths  from  along  the  puncture.  The  gelatin  is  never 
liquefied. 

A  stroke  culture  on  agar  and  on  l>lo<xl-serum  develoj>s  as  a  luxuriant 
cream- white,  moist  band.  Ou  pitato  the  growth  is  a  moist,  spreading, 
dirty  yellow  or  brownish  layer,  or  may  have  a  greenish  tinge, — **  pea  soup." 

Bouillon  becomes  rapidly  clouded,  and  a  thin  skin — ^mycoderm — often 
forms  on  tlie  surface.  Milk  to  which  litmus  has  I>een  addt*d  l^eoomes  add 
(lactic  acid),  is  soon  coagulated,  and  afterwards  gradually  loses  its  pink 
colon 

Gras-bubbles  occur  in  almost  all  the  cultures,  but  this  is  more  marked 
in  media  to  which  glucose  has  been  added,  and  in  the  absence  of  oxygen. 

The  bacillus  ct>li  communis  possesses  a  great  resistance  to  heat,  develop- 
ment taking  place  at  a  temperature  of  46"^  C.  The  thermal  death-point  is 
at  60°  C.  after  ten  minutes*  ex|x»sure. 

Re<^nt  investigators  have  dc^erilxHi  so  many  varieties  of  tliis  organism 
tfmt  it  is  doubtful  if  it  can  l>e  rt^ganknl  as  a  distinct.  s]>cc*ies.  Many  of 
what  liave  been  regjirdo*!  as  the  t^sscutiul  cliaratteristics  of  the  Iwicillus,  such 
as  its  growth  on  jx)tato  and  in  milk,  and  its  motility,  vary  so  gi'eatly  that 
it  seems  as  if  wc  had  to  do  with  fhstinct  microljes,  and  as  if  tht^  name 
bacillus  coll  communis  should  be  applieil,  not  to  any  one  organism,  but  to 
a  whole  genus.     However  tliis  may  be,  its  pathogeny  is  clearly  established. 
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both  by  Its  pres<?nce  iu  iliseastni  states  and  by  iuoculatioo  experiments  iqwii 
the  lower  animals. 

Baeillm  Diphiherke  (Klehs-Lr>ffler).' — Tlxfs  organism  is  by  no  means 
I'are  in  the  eye,  Iw^ing  found  in  the  eourse  of  tliphtlieria  ut*  the  nasal  passages 
as  well  as  |)^eiid 0- mem bmn oils  inflammations  t>l'  the  eonjunetivu.  The  cul- 
tivation of  tbe  Imeillns  prest^nts  little  difficulty,  as  it  grows  luxuriantly  upon 
mo^^t  culture  mpilia.  The  colonies  are  geneniUy  ready  for  stinly  on  the 
following  day.  Liiftler  recommends  the  use  of  a  mixture  of  one  pa  it  of 
one-per-eent.  glucose  bouillon  and  three  parts  of  blood-serum.  The  mix- 
ture is  disj>ens4xl  in  tuln^s  and  steriliised  and  c^»a^u)atnl  like  bloo<l-serum. 
The  advantage  of  the  use  of  this  mixture  is  that  the  bacillus  diphtlieriie 
grows  more  rapidly  upon  it  than  do  the  other  organisms  with  which  it  may 
be  mixed,  and  on  this  aceoont  the  isolation  of  the  diphtheria  bacillus  may 
be  simplified,  fur  the  tirst  colonies  to  apj>ear  ai^e  those  of  that  organism. 
To  secure  it,  a  small  fragment  of  tlie  pseudo-mem bmue  should  Ix^  dctaehetl 
by  means  of  a  sterile  platinum  wire  and  smt^R^l  over  the  surtace  of  a  tul>e 
of  sterilizttl  and  obliquely  gelatinized  L(>ffler*s  mixture.  As  too  many  of 
the  bacilli  are  plantetl  without  sterilizing,  it  is  well  to  smear  the  surtaw  of 
another  tube,  then  of  a  thiith  In  diphtheritic  membraues  the  bacillus  is 
generally  present  in  large  numlxn-s  in  the  upper  layers,  but  usually  mixed 
with  stJ-eptocix'ci.  Upon  t!ie  surface  of  a  tube  pi*epared  in  the  dest^ribed 
manner  many  colonic.*s  of  these  two  organisms  will  appear  in  twenty- 
four  hours  at  the  temptTature  of  37^  C,  and  transplantations  from  the 
colonics  may  easily  be  made  to  new  tubes,  so  that  pure  cultures  may  he 
obtained. 

Instead  of  smearing  the  surface  of  the  L*)ffler's  bh)od-serum  mixture,  as 
described,  the  material  sei^nre^l  by  the  wire  may  l>e  mixe<l  witli  meltt^l  gelatin 
or  agar-agar  and  poured  inti>  Petri  dishes,  or  rollwl  in  the  tulx  aceotxling  to 
the  method  of  Esmarch,  and  the  colonies  studied  with  the  microsco{>e  I^efbre 
being  transplautt-fl.  When  studied  in  this  way  upon  gelatin  plates,  at  the 
temiiemture  c^f  24*^  C,  the  colonies  apiK^ar  as  small,  round,  wldte  growths, 
which  do  not  exceed  a  moderate  limit  in  size  and  never  liquefy  the  gelatin. 
Under  the  mirn)S(^^>pe,  by  transmitted  light,  they  ap|>ear  of  a  yellowish- 
brown  color,  thick,  granular,  and  with  irregtilar  lK>itlers. 

If  the  colonies  are  grown  upon  glycerin  agar-agar  kept  at  the  tempera- 
ture of  the  IkkIv,  in  from  twenty-four  to  fVirty-t^ght  hours  they  appear  as 
flat  masses  of  the  size  of  niillet-seetls,  with  even  l>ordcrSy  are  grayish -\vhitc 
in  color,  and  to  the  naked  eye  present  a  slight  concentric  armngcmcnt. 
Under  the  raicros<»ope  they  are  granular,  and  resemble  colonies  of  bacillus 
megatherium. 

Wfien  tlie  colonies  are  develojied  uiK>n  the  Loffler  blood-serum-i>eptone- 
glueose-bouillon  mixture,  smeared  as  descril>ed  alxjve,  they  are  more  luxu- 
riant in  development  and  of  greater  size  than  on  either  gelatin  or  agar- 
agar,  appearing  as  white  or  cream -coloretl  patclies,  more  opaque  in  the  centre 
than  at  the  jwriphery,  which  is  irregular,  Intersj^ersed  among  these  w^iitish 
Vol.  I  £.—32  ' 
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colonies  of  the  diphtheria  bacillus  will  be  a  few  yellowish  or  orange  colonies 
of  small  size.  The  surface  of  the  colony  Ls  moist  when  young,  but  later 
becomes  dry. 

Gelatin  puncture  eultun^s  are  intei-estinij.     Xo  liquefaction  is  produced, 
the  bacilli  growing  in  the  track  of  tlic  ot^^'dle  as  suiall,  white^  round  ma 
without  much  tendency  to  spread. 

Stroke  cultures  upon  figtir-agar  and  glycerin  agar-agar  do  not  develop  scT 
wdl  as  ujHin  blocKl-scrum,  but  appear  iu  about  forty-eight  hours  as  isolated 
grayisli-w^hite  circular  patclies  averaging  the  size  of  a  pin's  head  and  show- 
ing a  marked  disposition  to  remain  isolated,  though  sometimes  becoming 
confluent. 

Upon  blood-serum  the  growth  of  the  organism  produces  a  thick,  whittsb, 
ojiaque  layer.  In  bouillon  at  the  temi>crature  of  the  body,  fimall  white 
cohering  masses  resembling  grains  of  sand  are  found.  These  sink  to  the 
bottom  or  attach  themselves  to  the  walls  of  the  tube.  The  liquid  itself 
remains  clear,  for  which  reason  the  api>eai'anoe  may  be  regarded  as  eharac* 
teristic.  The  reaction  of  the  bouillon  is  said  to  \ye  changed  fimt  t-o  aeid^ 
then  later  to  alkaline.  The  organism  gi-ows  astonishingly  well  in  milk, 
w^hich  may  be  a  frequent  means  of  infection. 

On  potato,  at  the  temperature  of  35^  to  37°  C,  several  days  pass  in  which 
no  growth  can  be  observed  ;  but  later  a  thin  dry  glaze  occurs  along  tlie  line 
of  inoculation,  w^here  the  growth  is  developing  with  slowness. 

The  morpholog}^  of  the  bacillus  is  peculiar  and  almost  characteristic. 
When  examinwl  in  the  hanging  drop  the  organisms  are  found  to  be  straight 
or  slightly  curved  rmls,  about  2  to  3  /x  in  length  and  .5  to  .8  m  in  diameter. 
Many  missha]>en  individuals  are  found  wliich  may  be  involution  forms,  and 
which  are  quite  charaeteristtc.  Some  of  these  are  club-shai>t!d  when  one 
end  is  swollen,  othera  are  dumb-bell-slmpc<l  when  botli  ends  are  swollen. 
Sometimes  the  organism  appears  to  be  made  up  of  segments,  of  which  the 
terminal  are  sometimes  more  highly  refmcting  than  the  central.  The  l«icilli 
are  rounded  at  the  ends.  They  are  not  motile,  do  not  form  spores,  never 
grow  into  filaments.' 

The  pathogeny  of  the  organism  is  peculiar  and  interesting,  as  it  may  or 
may  not  l>e  vinilent,  and  as  a  non-virulcut  organism  sometimes  plays  the 
rSle  of  a  sapi-ophyte.  It  seems  jiossible,  however,  for  these  non-vinilent 
individuals  to  develop  virulence  under  certain  conditions  which  are  as 
yet  unknown  to  us,  and  on  this  account  the  organism  l>eix>mes  highly 
dangerous  as  a  saprophyte,  and  most  strenuous  disinfection  should  be 
practised  in  every  ease  to  prevent  the  spread  of  the  organisms  by  clothing 
or  other  fomites. 


1  They  present  few  staining  peculiarities,  being,  perhapa,  a  little  reluotani  to  take  the 
dyes  ordinarily  ust»dj  but  stainrnj^  well  by  Grum'a  nietb<»d  and  with  the  Loffler  nlkftline 
methvlene-hlue  solution.  Wt^lch  and  Abbott  highly  reeuniineiid  the  use  of  Weigert'* 
fibrin  method  for  demonstrating  them  in  sections,  using  camjine  and  picric  acid  to  brinf 
out  the  imue. 
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When  vjraleiit,  n  fnilture  which  is  iiitnKlut'€*l  Ix^neath  the  skin  of  a 
^oiiiea-pijj;  or  n  kittt»ii,  thest*  being  amung  the  most  sus^c^eptible  animals,  pro- 
duces death  in  from  one  to  five  days.  At  the  p^Jmt  of  incculation  a  grayish- 
white  pseudo-mcinhnnKjns  formation  occurs.  S<jon  c^iinstitutional  disturb- 
ant^s  iHH'ur^  and  hemorrhages  take  plat^e  into  the  deeper  tissues, — a  hemor- 
rhagic ii?cIenMi  of  tlie  subcutaneous  t^llular  tissue  which  not  iufrerpiently 
causes  phnind  accumuhitions.  In  the  trachoma  of  eliickens,  pigeftns,  and  mb- 
bits,  the  bacilli,  when  introduced,  jirodutx?  a  pseudo-membrane.  Guinea-pigs 
liie  in  twenty-four  to  forty -eight  hours  ;  rabbits  live  longer^  sometimes  even 
several  weeks.  It  so meti nit's  liapix^ns,  when  animals  injected  continue  to 
live  for  six  or  st^ven  days,  that  di|>htheritic  palsy  comes  on,  aiteeting  first 
the  pijsterior,  then  the  anterior  limbs,  finally  producing  sneh  complete  palsy 
and  loas  of  eo-ordi nation  that  the  animals  die  from  the  result  of  the  symp- 
tom alone.  Mic*e  and  rats  are  refmctory.  Birds,  such  as  finches,  sparrows, 
pigeons,  chickens,  also  rabbits  and  guinc»a-pigs,  are  very  susceptible* 

Investigated  by  Loffler,  Roux,  and  Yersin,  the  poison  of  diphtheria  is 
found  to  be  a  toxalbimiin,  easily  soluble  in  water. 

It  is  with  some  difficulty  that  the  bacillus  of  diphtheria  is  separated 
from  a  closely  appearing  fc>rm  of  harmless  nature  descrilwxl  as  the  pseiido^ 
diphtheria  hadllus.  The  ecdonies  and  microstx>pic  ap|>earan€es  are  identical 
with  diphtheria,  but  it  diflcrs  from  it  in  (Roux  and  Yei-sin)  that  the  bacillus 
panido-diphtheritieus  is  often  sliorter  in  <xilonies  grown  upon  blood-serum ; 
the  cultures  In  bouillon  are  more  abundant  The  changes  of  reaetion  oecur 
more  qniekly  in  psendtMlt|ihtheriticns  than  in  diphtheriticus.  Inoculation 
of  this  bacillus  into  animals  has  never  ttausetl  death. 

It  IS  very  protmble  that  the  pseudodiphtheriticus  is  only  an  attenuated 
or  non-v indent  di|)htheritieuH, 

Faye^  tisscits  that  all  ceases  of  pseudo-membranous  conjunctivitis  are  not 
true  diphtheria,  Sceuring  the  assistancn?  of  Dr.  Aueli^  to  aid  in  the  bac- 
teriologiad  rcsc^ireh,  eultui^es  w^re  made  from  fragments  of  psf^ido-mem- 
branes  fr*mi  an  acute  case  of  pseudo-membranous  conjunctivitis  (X-curring 
in  a  child  uf  fifteen  montlis ;  but  frtun  these*  no  other  orgiinisms  grew  than 
the  strept<x*(K^Mia  pyogent^  and  the  stai>hylococeua  pyogenes  albns.  None 
of  the  Klcbg'Lofflcr  bai^illi  were  found. 

Dr.  E,  Kain- found  in  a  case  of  membranous  or  croupous  oonjunctivitis 
only  one  kind  of  Ijacillus  which  did  not  grow  on  gelatin  at  34°  C,  and 
which  on  agar  aud  serum  made  a  homogeneous  appearance  which  could  be 
regarded  as  a  pure  culture. 

They  are  small  double  rods  0,6  to  1.0  /^  long  and  of  scarcely  raeasura* 
ble  thickness,  and  did  not  seem  to  possess  any  motility.  They  tended  to 
mass  themselves  together. 


^Archives  d'Ophthnlmologie»  1891,  ii.  p.  62, 

'  Zur  Aetiologie  der  Conjunctivitis  Croupoaa,  Wiener  Klin.  Wochenftchrift,  lS92p 
No.  10,  153, 
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They  tiiko  the  aniline  ooloi-s  well,  showing  a  slight  constriction  in  the 
middle,  which,  however,  can  also  be  seen  in  the  nncolored  condition,  and 
gives  the  UiciUus  the  appearance  of  an  8. 

In  the  memlmnie  the  rmls  lie  together  in  thick  round  clump,  isolnt^ 
individuals  being  few.  In  the  large  nitussi's  of  multi-involute<l  cells  con- 
taine<l  in  the  membrane  some  lew*  can  be  found  which  contain  three  or  four 
of  tlie  bacilli.  They  refuse  to  take  the  stain  by  Gram*s  method.  The 
appearance  of  the  colonies  on  agar-agar  is  cha meter istic.  Aft^r  thim-six 
to  forty-eight  hours  little  whitish  transparent  points  occur  on  the  surface, 
which  increase  to  one  millimetre,  but  not  beyond  this  size. 

Under  the  microscope  they  appear  light  brownish  and  finely  granular,  so 
that  they  may  be  descrilj^d  as  '*  broken-glass^*  colonies.  The  larger  colonies 
show  a  dark  centre,  the  boixler  Ijeing  tiuely  •*  gezackt  und  verwischt."  The 
deep  colonies  appear  as  black,  angular  granules. 

On  gelatin  plates  they  occur  aa  small,  milk-white,  round  colonies,  more 
convex  than  on  agar,  and  easily  removable. 

Bacilhis  of  Fick} — This  bacillus,  which  measures  about  1.4  to  1.7  m  m* 
length  and  0.8  to  LO  m  in  bread tli,  is  s*:*  i>eeuliar  in  its  appearant^  as  to 
make  the  observer  consider  liefore  classifying  it  as  either  a  bacillus  or  a 
coccus.  The  individuals  are  so  short  that,  esp(*eially  when  united  in  pairs, 
they  l>ear  great  i-eseniblauceto  thcdiploctR'ci.  Each  individual,  or  each  pair 
when  they  are  so  arranged,  is  surrounded  by  a  transparent  capsule  or  halo. 

They  stain  by  onlinary  methods,  and  also  retain  the  color  well  by  Gram'i 
method. 

Gelatin  puncture  l^egin  to  develop  in  the  first  tweuty-four  hours,  and 
in  four  days  form  a  typical  nail-sliaiwd  gro^vth,  the  head  of  the  nail  having 
a  slightly  yellowish  c*olor.     No  liquefaction  of  the  gelatin  takes  place. 

Tlie  growths  on  agar-agar  much  resemble  the  gelatin  fultuiT«.  The 
growth  takes  place  at  the  tem|K>mture  of  the  room  as  well  as  in  the  ther- 
mostat. 

Fick  was  unable  to  seeuiT  pure  cnltui^s  on  blood-serum. 

The  organism  almost  invariably  reftised  to  grow  upon  potato.  Only 
twice  coidd  small,  wrinkh'd,  yellowish  colonics  of  an  elliptical  shape,  and 
measuring  1,7  .«  long  and  1.0  to  1.2  m  thick,  Iw?  observetl. 

When  inoculated  into  the  cornea!  tissues  the  organism  produced  a  dis- 
tinct kei*atitis,  and,  sometimes,  caused  a  perforating  ulcer,  whicli  i*equired 
about  four  weeks  to  [xmetinte  the  curneal  tissues. 

(There  seems  to  be  very  little  ditference  between  this  bacillus  of  Fick 
and  the  bacillus  f(inc€of<iius  pnettmoniw.) 

Bacillus  Fhiotmcens  IJquefmnni^. — This  organism  was  found  by  Fici 
in  only  one  of  the  eighty -ft>ur  cases  which  he  studied. 

It  is  a  bacillus  of  modemte  size,  which  measures  from  0.8  to  2.5  ^  itt 
length  and  from  0.4  to  0.5  /*  in  breadth.     Many  of  the  organisms  have  a 

t  Ueber  Microor^niiiuen  im  ConjuTictivulsiick,  1887. 
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qiiriciri  I  literal  form  with  roomltHl  corncT^,  Others  liave  run  ml  vmh.  They 
are  i'roquontly  joinetl  in  pairs  whieh  exhibit  a  coiistrietiun  at  the  junctiuy. 
No  spores  have  been  observed  id  this  bacilhis. 

Upon  gelatin  plates  whitish  eoloaies  develop  iiptm  the  surface,  and 
may  attain  a  diameter  uf  tliree  millimetres.  A  ring  of  liquefied  gelatin 
forms  around  eaeh.  When  examinal  under  a  low  powder  of  the  micro- 
Bco]'ipy  they  are  sc^o  to  have  a  sharp  conk>nr  and  an  irregularly  eiiTular 
outline,  and  to  eonsist  of  a  granular  eentre,  whieh  is  surrounded  by  a  finely 
granular  marginal  zone  of  a  yellow  color,  becoming  more  transparent 
and  grayish  white  towards  the  edge.  The  gelatiu  gradually  acquires  a 
greenish  tint. 

In  gelatin  puncture  cultures  a  rather  scant  whitish  growth  occurs  along 
the  patJi  of  the  needle,  terminating  above  in  a  small  funnel  of  liquefied 
gelatin  surmountetl  by  an  air-bubble.  Fick*s  cultures  first  attained  con- 
siderable size  as  a  **  nail  colony'^  before  the  liquefaction  began.  As  the 
hcpiefaction  beginSj  the  green  color  whieh  characterizes  the  species  is 
develo|KH:l.  When  once  begun,  the  liquefaction  advances  with  considerable 
rapidity,  and  is  accompanied  throughout  by  the  color- 1> rod uct ion.  As  the 
liquefaction  reaciies  the  sides  of  the  tulx^s  and  extends  downward,  a  whitish 
powdery  precipitate  is  seen  to  aet^umulate  at  the  bottom.  The  gelatin 
cultures  gi%'e  off  a  slight  unpleasant  (xlor. 

Upon  the  surfa«^  of  agar- agar  a  grayish  or  yellowish-green  |>ellicle  is 
fomTed.  It  is  generally  about  the  second  day  that  the  agar-agar  in  the 
imme*liate  neigh b«:>rhtMxl  of  the  grow^th  begins  to  turn  green ^  but  is  some- 
times later.  In  about  ten  days  tlie  whole  of  the  agar-agar  becomes  colored 
a  bright  green. 

Potiito  cidturcs  sometimes  show  a  brow^nish  growth,  devoid  of  charac- 
teristics which  aid  in  diagnosis  ;  sometimes  potato  cultures  fail  altogether. 

Fick  experimcnttxl  upon  three  rabbits  in  order  to  determine  whether 
this  organism  was  capable  of  proilucing  pathological  changes  in  the  eye  or 
not,  and  was  obliged  to  conclude  that  it  was  non-i^athogenic. 

W^hen  exaraincil  in  the  hanging  drop,  the  individuals,  w^hich  are  fre- 
quently joined  in  pairs,  as  has  been  mentioned  of  stained  specimens,  are 
found  to  be  actively  motile. 

The  bacillus  stains  well,  but  when  treated  by  Gram's  method  it  always 
gives  up  the  color. 

The  org-anisra  is  chiefly  characterized  by  the  fluorescent  pigment  which 
it  produces  both  on  gelatin  and  on  agar*agar, 

Baeiftus  Hirsuim  (McFarland), — This  bacillus  was  obtained  from  the 
normal  conjunctiva.  It  is  a  large  bacillus,  1,75 /a  by  3,5  ;*,  with  ends 
which  are  rounded  when  free,  hut  squared  when  filaments  are  formttl  and 
the  individuals  are  joined  together.  Long  threads  of  twenty  or  even  more 
individuals  are  very  common.  The  first  impression  obtainetl  when  these 
organisms  are  observed  is  that  they  are  without  locomotive  power;  but  if  a 
eii^le  individual  Ix^  observed  for  a  short  time  it  may  be  observed  to  start 
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off'  abruptly  and  swim  quietly  but  swiftly  away.     Chains  of  two  and  three 
— even  lour — likewise  ]K*ssesB  this  inutility. 

Fresh  eidtui-es  iu  gelatin  and  a^iar-a^r  are  generally  composed  of  long 
threatls,  and  are  very  constantly  without  sj)ort^»  Old  cultures^  however, 
particularly  agar-agar  cultures,  prcsf/nt  large  niinilK'i*s  of  large  oval  s{>ore!S 
situated  in  the  centre  of  the  bacillus,  but  not  disturbing  its  contour,  and 
uflen  lying  free. 

When  cultivateil,  the  bacillus  grows  well,  is  a  fine  organism  for  ex- 
perimentation because  of  its  many  pronounced  characteristics,  and  bears 
a  distinct  resemblance  to  anthrax. 

On  gelatin  plates  the  ct^lonics  apj>ear  in  eigliteen  hran^s  as  colorless 
Bpherical  IxKlics  of  minute  size,  having  already  a  laminatiHl  appearance,  as 
if  composed  of  coils  of  Ijacillary  cliains,  and  showing  projecting  centrifu- 
gaily  arranged  threads  on  all  sides.  In  twenty-four  hours  the  colonies 
have  doubletl  in  size  and  are  dwidedly  hairy  or  bristling  in  appearanoe 
and  irregular  in  sliape,  Fnjm  the  superficial  colonies  long,  irregular  pro- 
cesaes  extend  over  the  surfat^  of  the  gelatin,  turning  and  twisting  u|>on 
themselves.  Tha*^^  processt^  are  smiRitli  at  the  edges,  and  on  careful  ex- 
amination can  be  seen  to  consist  of  parallel  threads  of  bacilli.  In  about 
thirty-six  hours  liquefaction  of  the  gelatin  occui's,  and  the  cob  my  appears 
as  a  floating  island,  with  innumerable  radiating,  jK^rfectly  straight  hairs  or 
threads  by  which  it  is  moorefl  to  tlie  solid  g(4atin.  Tliese  radiating  filaments 
extend  et^eentrically  for  considerable  distances  upon  the  nornud  gelatin,  and 
suggest  the  sun  with  nidiations  of  light  in  all  directions.  Alter  fnity-eight 
hours  liquefaction  is  rapid  and  the  caktny  becomes  broken  up.  At  the  time 
when  the  long  mdiations  oeeur,  beautiful  ad  hes  ion -preparations  can  be  made. 
The  growth  in  gelatin  puncture  cultures  is  very  character istie.  In  stx 
hours,  in  an  oixlinary  room,  the  growth  can  l>e  oliscrved  upon  the  surface 

of  the  gelatin  as  a  delicate, 
^^^'  ^'  colorless  film.    The  gelatin 

begins  to  liquefy  below  this 
with  great  rapidity,  so  that 
a  funnel  is  fbrmc^d,  at  the 
apex  of  wliieh  the  growth 
in  the  puncture  shows  radi- 
ating, bristling,  or  spiny 
proje*^tiona,  s<imo  of  which 
are  short,  otliers  reaching 
to  the  sides  of  the  tube. 
This  otrurs  nl**ng  tlie  whale 
punc^turc.  In  three  days 
the  ajK^x  of  the  funnel  has 
reacbtHl  half-way  to  the 
bottom  of  the  tuljc  and  extendtxl  to  its  sides,  and  at  this  time  a  distinct, 
whitish,  irregular  mycoderma  has  formed  upon  the  eurfaec,     Floceuli  float 
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Cultures  of  TmclLluB  lilrsutua  fii  gelAtln.— n,  21  hours^  h,  4S 
houra,  c,  3  da>'a.  <f,6  dftjB,  e.  2  weeks  old. 


MICROORGANISMS  OF  THE  CONJUKCTIVA   AND   LACRYMAL  SAC,     503 


in  the  liqiiidj  and  later  prceipitato  at  the  apex  of  the  funnel.  The  sui>er- 
lieial  iuyetxlernia  setnis  to  euntmet  and  detaeb  itself  from  tlie  sides  of  the 
til  Ije,  80  that  in  forty-eight  hours  after  its  formation  it  sinke  entire  and  19 
rapidly  rr|jlaeetl  by  a  sc^cond,  which  likewise  sinks,  to  be  replaced  by  a 
tliird.  There  do  not  seem  to  be  more  than  tljrtH^  or  four  myetnlermata 
naturally  lurmed,  but  bj  agitating  tlie  tulje»  and  thus  hastening  their  sepa- 
ration, a  mueh  larger  niinnber  can  be  formed*  The  gelatin  is  generally  all 
liiiuefied  in  less  than  ten  days. 

When  the  projecting  spines  which  develop  along  the  puncture  are  sub- 
jected to  a  microscopic  examination,  they  apjiear  feathery,  each  large  projec- 
tion having  innnmerable  smaller  parallel  hairy  processes  extending  from  it. 

Upon  the  suriace  of  agar-agar  the  growth  is  rapid  at  tlie  temperature 
of  the  roiDm,  more  rapid  at  the  tejnperatnre  of  the  body,  and  is  charac- 
teristic. The  growth  occurs  akmg  the  whole  length  of  the  stroke,  and 
spreads  laterally  for  some  distanee  with  considerable  rapidity.  The  result 
of  this  is  a  long  longitudinal  wrinkle  crossed  by  innuraerable  transverse 
ones.  Tlie  growth  is  whitish  translucent  in  character,  Incoming  sliglitly 
tinged  with  yellowish  brown  when  old.  From  the  margins  little  tongue- 
like pn^jeetions  extend  upon  the  agai\  giving  the  impre&sion  of  a  halo  to 
the  naked  eye,  but  showing  on  close  iusj>ei"tion.  The  whole  growth  makes 
a  flat,  wrinkled  t>and,  which  extends  at  the  base,  whieh  is  quite  brittle  and 
easily  broken  up  with  the  platinum  wire,  and  which  det^iches  everywhere 
if  the  tulje  be  filled  with  water.  When  the  cultures  are  old  the  agar-agar 
becomes  yeOowish  brown. 

The  bacillus  grows  wtII  on  potato,  a  broad,  elevated,  colorless  band 
forming  in  forty-eight  hours.  This  growth  has  a  dull  appearance  to  the 
naked  eye,  and  when  examined  by  a  lens  has  a  highly  eliaracteristic  vil- 
lous appeamnec.  The  whole  surface  is  covered  by  projecting,  snuxjth, 
dull  villi.  The  etlges  of  the  growth  exhibit  a  more  massive  develop- 
ment of  these  villi  than  the  centre,  and  appear  to  the  naked  eye  as  whitish 
dots,  which  when  magnified  become  warty  masses.  Later,  when  the  cul- 
ture becomes  jmrtly  dried,  these  villoBities  become  ivory-like,  and  make  the 
culture  appear  as  if  sprinkled  with  white  powder. 

Boiiillun  ra|>idly  bwomes  turbid,  and  a  myeoderma  forms  upon  the  sur- 
face.   As  with  me!t<Hl  gelatin,  this  soon  sinks  and  is  replaced  by  a  new  one. 

Litmus  milk  is  ecmipletely  dax^lorized  in  two  to  four  days.  No  coagu- 
latifin  until  after  the  thinl  day.  After  coagulation  the  casein  is  digested  with 
considemble  rapidity,  and  a  clear  fluid  remains  whieh  has  an  alkaline  reaction. 

Careful  study,  made  by  adding  sulphuric  acid  and  pi^tassium  nitrite 
to  cultures  made  in  Penliam^s  solution,  shows  a  faint  pink,  as  if  a  small 
amount  of  indol  was  producal  by  the  organism  in  its  growth. 

In  order  to  confirm  the  test  for  acidity  made  by  the  litmus  milk,  cuU 
tures  were  made  in  ]X'j>tone  rosalic  acid  st^lution,  but  without  any  change 
of  color,  although  kept  for  weeks.  Tlie  growth  in  the  jjeptone  and  peji- 
tone  rosalic  acid  solutions  resembled  that  in  bouillon. 
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BlcKjd-serum  was  rapully  liquefied  by  the  growth  of  the  bacillu?,  no 

particular  features  being  observable. 

The  gitmth  iu  gelatin  containing  glucose  was  the  same  as  that  in  pkifl 
gelatin,  bnt  rather  more  luxuriant. 

Attempts  were  made  to  proiliu^  pathogenesis  by  hyp:>dermic  injectiond 
into  mice  and  rabbits^  l*ut  the  animals  remained  healthy,  &o  that  the  oi^an- 
ism  seeras  to  lie  uon-pathogeuie. 

The  baeiUus  stains  readily  by  most  aniline  dyes,  and  also  very  well 
by  Gram's  metliiKL 

Baclihis  Influenz(fr — The  microbe  that  is  the  cansative  factor  in  epidemio 
influenza  is  of  late  diseovery,  Pfeiffer,  in  January,  1892,  first  described 
the  morphology  and  biology  of  a  Imeillua  which  he  obtained  in  enormous 
numl^era  from  the  sputa  of  every  east*  of  influenza,  and  never  from  that 
of  many  eases  of  oixlinary  ciiryza  that  he  examined.  At  the  same  time, 
Canon,  of  Berlin,  announced  the  preseme  of  the  same  organism  in  the  blood 
of  patients.  In  the  opinion  of  tht^se  investigators,  and  of  Kitasato,  based 
on  examination  of  eases  and  on  lutieulation  exj)eriment^,  this  bacillus  is 
undoubtedly  the  cause  of  influenza. 

The  question  of  its  presence  in  the  conjmictiva  and  lacrj^nial  tract  is 
yet  not  provetl,  although  there  is  great  reason  to  Ix-lievethat  on  examination 
it  will  be  found  in  thtse  localities.  Weiehsclbaum  holds  that  all  the  neigh- 
boring cavities  of  the  nose,  including  the  nasal  dnct,  are  infected  in  pneu- 
monia, in  typhoid  fever,  and  in  influenza.  Bergcr  points  out  the  intense 
conjunctivitis  witli  whieh  the  onset  of  the  '*  grippe"  is  marked,  aad  r^ards 
It  as  originating  in  the  inflammation  of  the  nasid  and  bronchial  {passages. 
In  view  of  the  extreme  probability  of  the  correctness  of  these  opinions,  it 
was  deemed  ad%4sable  to  include  a  description  of  the  bacillus  influenzfe. 

It  was  obtained  by  Pfeiffer  from  uncomplicated  cases  in  nearly  pure 
culture.  It  is  a  bacillus  with  rounded  cods,  aerobic,  non*motile,  and  very 
small,  being  0.f5  f^  iu  length  and  about  0,2  /«  in  thiekuess.  Generally  soli- 
tiiry,  or  in  ehain^  of  three  or  four  elements*  it  sometimes  occurs  in  small 
musses  containing  as  many  as  fitly  Imcilli.  (Canon.)  In  old  cultures  of 
three  or  four  days*  growth  there  oci^ur  long,  thread-like,  abnormal  forms 
of  beginning  involution.     No  siKvres  have  l.)een  observed. 

During  the  onset  of  the  disease  the  far  greater  number  of  bacilli  occur 
fVee  in  the  secretions,  but  sulrsc^qncntly  to  the  acute  stages  they  are  nearly 
all  found  iu  the  interior  of  the  a>rpuscular  elements. 

With  basic  aniline  dyes  it  stains  with  difficulty,  but  is  best  colored  by 
the  use  of  Ziehl's  carbol  fuchsin  or  Loffler*s  methylene-ljbie  solution*  with 
the  additional  aid  of  heat.  The  ends  stain  much  more  deeply  and  give  tlic 
microbe  an  aj>pearan<}e  of  a  diplcKXMX'Us.  Pfeiffer  thinks  that  many  of  tlie 
former  observers  have  made  this  mistake*  The  diplocm^^us  described  by 
Babes  may  bave  been  the  bacillus  under  consideration.  Iu  tlie  blo<:)d,  Canon 
made  use  of  Czeuzynke*s  method.  The  blorxl  was  dritil  on  the  diver-glass, 
after  having  been  fixed,  was  placed  for  five  minutes  in  absolute  alcohol,  and 
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then  in  the  stain  (sol.  sat.  methylene-bhie  aq.,  40 ;  soL  eosiii  alc<)hol  (70 
per  eent,)  0*5  |>er  cent.,  20;  aq,  clestil,,  40)  fur  from  thrt^  to  six  liout-s  at 
a  temperature  of  37°  C  The  eover-glass  was  theo  washed  thoroughly 
with  water  and  mountefl  in  Canada  iMilsam.  Seen  under  the  mierns<'oj>e, 
the  erythr mbytes  are  red,  staine^l  by  the  e<.>siu  ;  the  lentwytes  and  baeilli 
are  bhie,  stained  by  the  methylene  dye. 

Sei'tions  of  tissue  are  stainttl  by  using  ZiehFs  eolntion  and  very  watch- 
fully deec»h)rizmg  in  absolute  alcohol  that  hai*  l>een  slightly  aeidifietl  by 
acetic  acid.  The  object  is  to  remo\'c  the  sct*tiou  from  the  alcohol  the  moment 
at  which  the  tissue  itself  is  decolorizetl  and  the  microWs  still  retain  the 
stidn,  on  account  of  their  greater  irajKrviousness.  The  bacilli  do  not  stain 
by  Gram's  methwl. 

The  Imcillus  taken  from  a  nearly  pure  culture,  as  found  in  the  nasjd  or 
the  bronchial  secretion,  develops  but  shghtly  on  theonlinary  culture  UKilia. 
Below  28°  C.  and  above  42°  C*  it  ceases  to  grow,  and  its  thermal  death- 
point  is  at  60°  C.  Five  minutes  at  this  temperature  suffice  to  kill  it.  On 
solid  gelatin,  therefore,  no  growth  can  lx»  obtained. 

In  bouillon  J  at  the  end  of  twenty-four  hours  there  occur  a  few  small 
wliite  pointSj  which  soon  sink  down  and  form  a  slight  flocculcnt  dejwisit, 
leaving  tlie  liquid  clean  Pfeiffcr  was  unable  to  obtain  any  growth.  Oq 
glycerin  agar,  at  the  end  of  twenty-fnur  hours*  exposure  to  a  temjieniture 
of  37*^  Cy,  small,  jiin-point,  transjmrent,  water-like  drops  make  their  appear- 
anee^  and  often  can  be  recognized  only  by  the  aid  of  a  lens.  They  do  not 
coalescCj  and  Kitasato  points  out  this  fact  as  a  means  of  differentiation  for 
this  microbe. 

A  similar  growth  occurs  on  IS  per  cent,  agar-agar.     (Pfeiffer.) 

Pfeiifer  found  that  transplanting  gave  negative  results  on  these  media, 
and  even  on  gelatini^  human  and  aiiimal  blwd-senmi  and  on  Loffler's 
mixture  of  blood-serum  and  agar.  He  noticed  that  when  a  small  amount 
of  bltw)d  was  smeared  over  the  surface  of  the  media,  a  transplanted  culture 
would  develop  mfjst  rapidly  and  luxuriantly  into  small  colonies  of  glass- 
like transijaiTiicy  and  with  l)ut  little  tetidency  to  coalesce.  These  did  not 
grow  in  the  drops  of  Wood,  but  around  them  and  at  a  slight  distance  from 
the  periphery.  By  a  series  of  experiments  he  prove<l  that  hfemoglobin  was 
the  essi^ntial  factor  in  this  increased  vegetative  j>ower.  In  the  same  manner 
he  suceeedcxl  in  ol)taining  successive  generations  u|K)n  agar  and  blood'Scrum 
and  in  iMjuillon. 

The  kicillus  of  influenza  is  easily  destroyed  by  drj^nesa  and  by  light 
and  heat.  An  exposure  in  a  dry  atmosphere  at  37*^  €•  for  one-half  to  one 
hour  will  cause  its  death. 

BaeiUiis  of  KartuU>t? — Bct^iUus  of  Egyptmn  Caiatrh, — Koch  found  a 
large  number  of  disease<l  eyes  in  the  Greek  Hospital  in  Egj'pt  to  cxmtain 
gonooocciof  Neisser.     Kartulis  confirmed  this  in  hundreds  of  expcTiments, 
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In  one  instance  the  pus  from  a  case  of  blennorrhrea  coiijanctivitis  waai 
ioueiikittil  by  means  of  a  scrft  catlieter  into  tlie  iiretlira  of  a  healthy  mBXkz 
and  prmluc'td  typical  gouQrrbcEa. 

KcK'h  also  diseoveretl  in  the  pns-oells  small  Ijadlli  like  those  of  mouse 
septieffimia*     In  fresh  Casio's  of  eonjnuetivitia  the  bacilli  are  rich  in  the  pus-^ 
cells.     They  sometimes  occur  free  between  the  oellsj  but  never  occupy  the 
nucleus. 

Kartulis  could  never  cidtivate  the  bacillus  on  peptone  gelatin.  At  the 
temperature  of  28*^  C\  to  36^  C\  he  eueceeded  in  securing  chai'acteristic  cul- 
tures. On  agar-agar  the  same  octnirred  of  a  microscopically  visible  size 
in  thirty  to  forty  houi-s.  At  first  along  the  stroke  there  are  fine  grayish- 
white  points,  forming  a  patch.  These  gradually  unite  to  form  a  narrow 
streakj  which  elevates  itself  above  the  culture  medium  very  distinctly. 
The  pure  culture  is  now  shining  and  dark-colored,  of  a  fatty  appearance. 
The  borders  are  irregularly  wave-like  and  souictimes  notched.  Gelatin  is 
not  liquefied.  The  patch  remains  for  a  considerable  time  in  this  form,  then 
gnidually  dries,  and  looks  like  a  fish-bone. 

The  young  liacilli  apiwrnr  a  little  plumper  in  the  cultures  than  in  the 
l^us-cells.  On  old  cultures  they  are  much  like  those  of  mouse  septicsemia, 
being  so  thin  and  delicate  as  to  be  almost  invisible-  No  spores  have  been 
observed.  The  pure  cultures,  as  well  as  pus-cells  eontainiug  the  batiUi, 
give  rise  to  but  little  disturbance  in  animals,  but  produce  positive  cases  of 
the  disease  in  men. 

Diphi'occu^  Lanceolntm  PneurnontfT^  Talamon  (Jfrcrococeua  PaMeuri^ 
Sternberg  ;  Dipiococcm  Pncumonkt,  Weieliselbauui). — ^This  micro-organism 
was  first  obtained  by  Pasteur  and  by  yternl>erg  in  1880,  from  human 
saliva  ;  and  the  further  investigations  of  Talamon ,  Fmenkel,  and  Weichsel- 
baum  have  given  us  evidence  that  it  is  the  t^usative  agent  eoncemed  in 
croupous  pneumonia.  Since  then  it  has  been  found  in  other  inflammatory 
exudates, — ^in  meningitis,  cndncaixlitis^  |>ericanlitis,  pleuritis,  peritonitis,  etc., 
— and  in  pure  cidtures  in  acute  abset^sses.  It  is,  therefore,  to  l>e  classed 
among  the  pyogenic  germs.  The  researches  of  Gasperini,  as  reported  at 
the  Eleventh  Intcrnationid  Congress  in  Rome,  show  it  to  be  one  of  the 
must  frecpicnt  microbes  that  inhabit  the  conjunctival  sac. 

The  form  of  this  microbe  is  that  of  a  very  short  bacillus, — an  oval 
eoetiis,  as  it  is  commimly  t^lkxi  (1  ,i5-^}.5  /*  by  1-0.5  /i)^ — generally  CK-curring 
in  pairs.  In  blood  and  cxudat<^  it  has  a  lanceolate  shajje  (lien*^  the  name), 
— tliat  of  a  grain  of  whi^t  or  of  a  candle-flame,  as  it  has  been  variously  de- 
sctiIk^,  with  tlie  jx)intcd  ends  turned  outward.  Often  it  is  met  with  in 
chains  of  from  three  to  ten  elements,  and  often  singly.  It  is  surrounded 
by  a  gclatiunus  capt^ule^  but  this  is  very  nirely  present  in  cultures  on 
artificial  media. 

The  baeillus  takes  on  the  aniline  stains  readily,  and  is  not  decolorized 
by  Gramas  methtxl,  which  distinguishes  it  trom  Frietl lander's  l>aeillus. 
The  capsule  can  be  colored  by  a  one-minute  immersion  in  a  onc-per-oent 
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solution  of  acetie  acid,  fbl lowed  ]>y  aniline  gentian  violet  ;  or  (Itibbert)  by 
a  rapid  treatmeut  with  a  saturatal  solutiuu  of  dahlia  m  the  fuHovviiig : 
aq.  dest.,  100;  alcohoL,  50;  aeid.  aeetic,  12*5.  Sections  of  tissue  can  be 
left  in  the  stain  hmger  (ten  to  twenty  hours),  and  jmrtially  det!olorized  by 
one-per-eent,  acetic  acid. 

It  dtjcs  not  develop  in  artificial  media  holow  22°  0.  or  above  40^- 
42°  C\,  and  has  a  thennal  death-point  of  b2°  C.  (ten  minutes). 

On  plates  of  fifta'n-per-cent.  gelatin,  at  24°  C,  there  grow  at  the  end 
of  one  day  small,  round,  granular,  grayish- white  eolonit^,  wbieh  slightly 
spread  on  reaching  the  surface.  They  never  grow  very  luxuriantly.  A 
slight  line  of  white  colonies  appeal's  along  the  jKitb  of  the  neeille  in  tul^e 
cultures. 

On  agar  plates,  at  36°  C.^ — theoptimuni  temperature, — there  soon  ap|)ear 
1  i  ttl  e,  w  a  te  ry  tn  >lo  n  i  e.^^,  like  d  r  o{  *s  o  f  d  t^w ,  ^\ i  i  i  eh ,  mi  er  oseij  pi  cii  1 !  y ,  a  re  st^u  to 
have  a  finely  granular  eentt'e  surrounded  hy  a  mure  transparent  gitiuular 
zone.  On  blood-serum  and  on  agar  the  growi:h  is  a  thin,  semi -transparent^ 
^*  jelly-like"  band.  At  most  thei'e  is  only  a  i*ligbt  cloudiness,  with  a  imv 
deposit,  in  bouillon.  The  development  is  greater  in  milk ;  the  casein  is 
coagulated.     No  growth  occurs  on  potato. 

Inoculatiun  of  virulent  coltures  into  the  lower  animals^  especially  mice 
and  mbbita,  causes  dmtli  from  an  acute  septiceemia.  Its  virulence,  how- 
ever, and  also  its  vitality,  are  very  soon  lost  by  cultivation. 

Baeilhts  Leprce  (Hansen  and  Neisser)  is  a  still  less  frequent  resident  of 
the  conjunctiva,  occurring  only  in  cases  of  lepra  in  which  the  conjuoctiva 
is  affected.  It  is  very  similar  to  the  tobercle-bacillus,  but  ratiier  longer, 
measuring  from  4  to  6  ^,  and  not  curved*  The  study  of  this  individual  can 
best  he  made  by  nutans  of  seeti^ms  through  the  nodule,  colored  with  hot 
carbol-fuchsin  for  fifteen  to  thirty  minutes,  w^ashed  in  w^ater,  and  differen- 
tiated for  forty-five  seconds  with  Gablwtt's  solution.  After  tkie  the  section 
should  be  washetl  in  nincty-five-per-eent.  alwhol,  then  in  absolute  alcohol, 
and  clesired  in  xyloL  The  bacilli  apjX'ar  red  and  the  tissue  slightly  blue. 
Cultivation  of  this  liacillus  is  almost  imiDossible,  but  has  been  accomplished 
by  Neiaser  and  by  Bordoni-Uffrt^lozzi  on  gelatinizetl  blood^serum  and 
boiled  eggs.  When  thus  cultivatcil,  Neisser  fiiund  that  the  bacilli  grew  as 
lung  threads  ami  developtMil  spores.  But  this  lacks  coufirmation.  The 
nxls  have  pointed  ends,  and  often  present  unstained  spaces  similar  to  those 
st?i^n  ill  the  tubercle-bafillus.  In  sec^tions  of  tissue  containing  lepra  bacilli 
they  are  seen  to  lie  in  and  between  the  cells,  Ix^ing  very  numerous  in  the 
large  cells.     So  far,  inoculation  ex|>tvrinient8  have  failed. 

Badlim  MaUn  (Loffler  and  Srhiitz), — In  tliis  most  virulent  and,  for- 
tunately, rare  disease  the  conjunctivfc  and  laerymal  tracts  are  affected, 
most  proliably  by  direct  communication  from  the  nasal  lesions.  The 
muc<His  mombnmc  of  the  <xndar  ajjparatus  bet^onies  injtx-ted  and  swollen, 
seci-etes  a  muc^j-purulent  fluid,  and  is  often  the  seat  of  the  characteristic 
pustular  lesions  of  glanders.     The  bacillus  at  present  recognized  as  the 
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etiological  factor  in  tliis  dist^st?  wim  discovered  in  1882  aimiiltaneously  by 
Bouchard,  Capitan,  and  Charrin^  in  Frant^,  and  by  LoflBer  and  Schutz,  in 
Germany.  The  former  observers  were  not  able,  however,  to  separate  it 
froMi  the  pus  microbes  found  in  the  lesions,  and  to  Loffler  and  Sebutz  is 
due  tlie  credit  of  having  uhtiiintK^l  the  first  pure  culture  of  this  bacillus,^ — 
the  bacillus  malleL  It  is  found  abundantly  iu  the  interior  of  the  glanders 
notJules,  in  tlie  pustules  upon  the  ulcerating  surfaces,  and  to  a  lese  extent  in 
the  purulent  secretions. 

It  is  an  aerobic,  facidtative  anaerobic,  non-motile  bacillus,  5  to  7  m  long 
and  0.5  to  1*5  /ji  thick,  resembling,  therefore,  in  size  the  Ixicillus  tuberculosis, 
but  l>eing  somewhat  thicker.  The  rotls  arc  straight,  or  sometimes  slightly 
curved  ;  in  old  cultures  they  may  occur  in  large  and  irregular  involution 
forms.  They  are  generally  isolated,  but  may  be  iu  pairs  or  even  chains  of 
two  or  three  elements ;  and  in  tissue  they  show  a  certain  tendency'  to  form 
int*i  small  maases.  Baumgiirten  claims  to  have  stained  spores  by  the  Neisser 
metho<l ;  but  it  is  a  question  if  such  exist.  Loffler  found  this  micro- 
organism to  be  extremely  susceptible  to  the  several  thermal,  chemical,  and 
meclianieal  destructive  agencies.  This,  he  argues,  militates  against  the  ex- 
istence of  s}X)re8.  The  bacillus  does  not  take  up  the  stain  homogeneously^ 
butpi'eseuts  f*H^l>ly-  or  non-stained  ]>ortions»altci*natin^  with  the  more  deeply 
stained  cell-contents.  These  are  held  by  Loffler  to  be  a  degenerative  change 
in  the  c^ll -protoplasm. 

The  bacillus  of  glamlers  may  be  stained  easily,  but  not  intensely,  by  the 
ordinary  aniline  dyes,  and  es|>ecially  by  those  which  are  slightly  alkaline. 
The  stain  to  lie  usid  l>y  prt^ference  is  Ehrlich*9  methyl-violet  solution,  to 
which  has  l>een  addtxl  just  Ix'fore  using  an  equal  part  of  0.01-per-cent. 
solution  of  potassium  hydrnte.  The  microbe  loses  its  color  by  treatment 
according  to  Gramas  method,  and  also  by  use  of  the  decolorizing  solution 
of  Ehrlichia  method  of  staining  the  tubeRJe-bacillus,  this  serving  as  a 
means  of  diffiu'cntial  diagnosis  from  tliat  organism. 

In  staining  tissue,  Kuhue*s  mcthyleuc-ljluc  gives  good  results.  The 
sections  ai*e  transterretl  from  water  to  a  carlwlatcd  solution  of  the  blue 
(metliylene-bhie  1.5,  alcohol  10,  carbolic  aeid  5,  \vatcr  100).  After  having 
bcHi'n  staimnl  by  four  or  live  minutes*  iramcrsion,  they  are  decolorized 
rapidly  in  water  ct>ntaining  a  little  hydrot-hloric  acid  and  washed  in  water. 
Qui<4vly  dehydrat^xl  in  alcoliol,  tliey  are  passed  through  aniline  oil  and 
mounteil  iu  l>alsam, 

Loffler*s  oxethylene-bluc  solution  and  a  decolorizing  mixture  of  ten  cubic 
centimetres  of  water,  two  drops  of  sulphuric  acid,  and  one  drop  of  a  five- 
per-cent.  oxalic  acid  solution  may  be  uschL 

The  color  is  quickly  lost  iu  tlicse  dtx^olorizing  solutions,  and  conse- 
quently the  staining  in  tissue  is  rendered  nn3st  diHicult.  For  pur^xtses 
of  diagnosis  it  is  better  not  to  rely  n|wtn  the  staiuiug  j>e<'uliarities  of  the 
bacillus,  but  to  have  recourse  to  cultures  ujion  the  diflerent  laboratory 
meilia. 
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These  ore  very  charat^:iTir?tif',  ami  aid  one  to  i*ee(jo^iiize  definitely  the 
mierobe  in  question.  To  obtain  a  pure  eulture  direct  from  tbe  local  lesion 
is  somewhat  difficult,  owing  to  the  presenee  of  more  rapidly  developing 
miero-organisras  and  to  the  relatively  small  numiK^r  of  spix'ifie  Ijacilli  in 
the  discharge.  Therefore  it  i.s  better  to  follow  out  the  methtd  employed  by 
Strauss,  This  consists  in  injecting  into  the  peritoneal  »?avity  of  a  male 
guinea-pig  srime  of  the  suspected  pus.  If  it  is  from  a  case  of  glanders,  a 
few  days  will  suffice  to  set  up  a  cliaracteristic  orchitis,  tlie  testicles  con- 
taining a  nearly  pure  culture  of  tbe  bacillus. 

The  bacillus  mallei  grows  best  at  37°  to  38°  C,  Below  22''  and  above 
45°  It8  development  ceases,  aiui  at  55°  its  death  ensues. 

In  bouillon  and  lirpietic^  gelatin  it  forms  at  first  a  general  cloudiness, 
which  gmdually  settles  down  in  the  tut>e  as  a  white  viscous  mass. 

Upon  agar  the  stroke  at  the  end  of  a  ct>uplp  of  days*  exposure  to  the 
temperature  of  37°  C.  presents  a  series  of  small,  grayish-white,  isolated 
droplets,  which,  as  time  goes  on,  gradually  coalesce  and  form  a  white  band 
two  or  three  millimetres  in  width. 

Agar  to  which  lias  Ijeen  added  a  small  quantity  (one  jier  cent.)  of 
glycerin  is  a  more  favorable  soil,  the  growth  taking  place  even  at  the 
ordinary  room  temperature.  At  the  end  of  forty-eight  hours  thei'e  ap- 
jieara  along  the  stroke  a  pale  white,  semi-transparent  band  two  to  three 
millimetres  in  widths  which  is  increased  at  the  end  of  a  week  to  seven  or 
eight  millimetres, 

Oo  agar  made  with  milk  the  bacillus  grows  most  luxuriantly  (Raskins). 
Ui>on  this  tiierc  is  rapidly  developed  a  tliiek,  pale  wldtisli  layer,  which  on 
the  third  or  fourth  day  assumes  an  amber-yellow  and  later  a  i*eddish-brown 
tint. 

On  blood-serum  it  grows  as  small,  transparent,  yellowish  drops,  which 
at  the  end  of  a  week  coalesce  to  form  a  creamy-white  layer.  This  milky 
appearance  is  due  to  the  presence  of  numerous  minute  crystals  of  unknown 
composition. 

The  gro\\i:h  on  potato  is  most  diagnostic.  At  the  end  of  two  days  the 
surface  of  the  medium  is  covered  with  a  thin,  yellowish,  semi-tratisparent 
layer,  which  gradually  assumes  an  amljcr  colr^r<  In  about  seven  days  this 
growth  becomes  more  opaque  and  of  a  retldish-l>rown  tint,  and  is  sur- 
ixjunded  by  a  green isli  zone  in  the  substance  of  the  potato.  At  this  stage 
it  s^iuiewhat  resembles  the  potato  culture  of  the  bacillus  pyocyaneusi — the 
bacillus  nf  blue  pus,^ — ^but  this  latter  has  a  mother-of-pearl  brilliancy  and 
when  treated  with  ammonia  gives  the  blue  color  of  pyocyanin. 

In  hay  and  similar  vegetable  infusions  tbe  bacillus  does  not  develop. 

In  Ids  investigations  concerning  tbe  resistance  of  the  bacillus  malleij  Lof- 
fler  found  that  it  was  destroyed  in  five  minutes  by  a  three-  to  five-i>er-cent 
84jlution  of  cmrbolic  acid,  in  two  minutes  by  a  onedialf-iiercent,  solution  of 
mercuric  bichloride,  and  in  ten  minutes  by  water  at  a  temperature  of  55°  C. 
These  fat^ts  have  a  bearing  on  the  possibility  of  practical  disinfection. 


610     MICRO-ORGANISMS   OP  THE  CX)NJUNCTIVA   AND    LACRYHAL   SAC. 


Bacillus  Megatherium  (De  Baiy). — ^This  individual  was  met  on«.*e  in  a 
case  of  trachoma  aotl  once  on  the  normal  c<.mjiinctiva. 

The  baeilH  are  very  large,  measuring  from  0.8  to  1.0  fi  in  breadth  and 
from  1.75  to  3  /*  in  leugth.  The  ends  are  rouodetl,  except  wLea  chaius  are 
formed,  when  they  may  be  flattened  at  the  junctions.  Involution  forma 
are  very  coiumoa.  Oue  of  the  peculiarities  of  the  species  is  to  have  a 
granular  protoplasm,  the  granules  being  much  more  obvious  in  stained  than 
in  unstiiiued  individuals. 

The  organism  appears  to  be  without  raotdity,  except  a  peculiar  amceboid 
change  of  sliai>e,  which,  though  mther  rapid  aud  ea^sily  oK>8erved,  does  not 
seem  to  allow  of  a  distinct  cliange  of  plaee.  While  watched,  the  bacilli 
may  lie  seen  to  curve  upon  themselves,  to  projec^t  hook-like  pseudopodia 
from  their  sides,  aud  to  take  on  utlier  am(rl>oid  sha|>es. 

The  orgimism  stains  well  with  the  aniline  dyes  when  in  good  condition^ 
but  the  involution  stages,  which  are  frequent,  prevent  the  clear  picture  ' 
prt^sented  by  other  micro-organisms.  lu  stainetl  s|>eciniens  the  granules  in 
the  protojilasm  often  Ixromc  unusually  prominent.  This  is  particularly 
true  of  Gmurs  metliod,  which  set-^ms  to  wlor  only  these  granules,  presenting 
a  most  interesting  picture,  the  Ijacilli  being  colorless,  but  its  granules  deep 
blue. 

Upon  gelatin  plates  the  colonies  ap(>ear  in  twenty-four  hours  as  small, 
spherical,  circumaTibed,  coarsely  granular,  colorless  masses.  Those  near 
the  surface  begin  to  spr(*ad  out  and  surround  themselves  with  a  halo  before 
attaining  any  considenible  size.  In  forty-i'ight  hours  the  halo  presents  a 
cotton-likcj  filamentous  character,  in  which  no  individual  filaments  can, 
however,  be  matle  out,  but 
which  gives  to  the  whole 
mass  a  resemblance  to  a 
little  bunch  of  raw  cotton 
upon  the  surtaee  of  the  gela- 
tin. This  uppeamuoe  in- 
creases a  little  as  the  size  of 
the  colony  increases,  then  is 
lost  in  the  litjuetaction,  which 
becomes  rapid  after  about 
seventy-two  hours* 

In  gelatin  punctures,  at 
the  end  of  about  twelve 
hours  a  ver^-  small  whitish 
surface-growth  o<x^urs,  which 
soon  sinks  into  a  funnel-shaped  area  of  clear,  liquid  gelatin,  and  then  often 
develops  a  somewhat  branched  form  like  cauliflower.  Thus  far  the  growth 
has  attained  no  magnitude.  It  continues  a  slow  development,  liquefaction 
continuing  slowly  in  the  puncture,  until  in  five  days  it  reaclii^  the  sides  of 
the  tube  and  extends  half-way  to  the  bottom.    The  liquid  is  full  of  flooculi, 
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Culturea  of  bacllluii  megatherium  in  Kelntlii.— a,  24  boan, 
b,  S  d&js,  e,  6  diLfEf  d,  2  weeks,  and  e,  I  montb  old. 
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and  at  the  apex  of  the  fiiuuel  tho  floc*i'uli  lx*gin  to  pik  up.     In  four  wfM^ks 
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Li  haa  formed  a  horizon tid 
of  the  gelatin,  and  shows  the  flocculi  all  pitx^ipitated,  leav^ing  clear  fluid 
above.  Seven  or  eight  weeks  elapse  befijre  t!ie  gelatin  is  entirely  liqueficnJ, 
No  gas-bubbles  are  develyi>etl  either  iu  ordinary  gelatiu  or  in  gelatin  to 
which  glucose  has  been  added. 

Upon  the  surface  of  agar-aj2;ar  the  growth  develops  with  considerable 
rapidity.  It  rarely  forms  a  uiiifbrra  Ixind  along  the  line  of  inoeulation, 
but  generally  occurs  in  isolated  patches  which  may  later  become  conflueut. 
It  is  smooth  and  gliining— mther  doughy— in  apjiearance,  and  is  dirty- 
yellow  or  brownish-yellow^  in  color.  It  seldom  attains  any  size  before 
the  surface  ixH-omes  mottled  with  minute  brownisli  patches,  which  give 
the  imprcsrsion  that  bubbles  have  burst  upon  the  surface,  or  that  it  is 
ulcerated.  At  the  time  when  this  mottling  occurs  tlie  agar-agar  l^eeomes 
brownish-yellow"  iu  the  neighborhood  of  the  growth. 

Upon  the  surface  of  potato  the  growth  is  luxuriant,  forming  a  circum- 
scribed yellowish- white  mass,  which  is  sometimes  irregular  and  dendri- 
form, at  other  times  without  any  tendency  to  spread  at  the  etiges,  Tlie 
growth  generally  attains  a  considerable  thickness,  projecting  from  the  cul- 
ture medium  for  one-eighth  of  an  inch  or  more,  and  in  some  cases  is  dimpled, 
&o  as  to  suggest  impressions  of  Oriental  chamctei*s  in  plastic  material. 
When  examined  beneatJi  the  microscoiie,  the  growth  appears  finely  gran- 
ular ;  to  the  naked  eye  it  is  smooth  and  lustrous. 

In  bouilltvn,  at  the  end  of  forty-ciglit  hours  the  growth  is  obst^ured  by 
a  general  turbidity  of  the  liquid  and  by  the  fijrnmtiou  of  an  irregular  fcnes- 
trattii  pellicle  upon  the  surface.  This  condition  does  not  change  in  the 
com^se  of  several  weeks.  There  is  no  true  mycoderma,  and  the  surface- 
growth  does  not  sink,  as  is  so  common. 

The  alkalinity  of  litmus  milk  is  intensified.  After  three  weeks  the 
casein  of  the  milk  becomes  digested,  and  the  color,  which  has  gradually 
faded,  is  lost.     The  bacillus  is  not  pathogenic, 

£(icUlu9  Me^eniermt^  Vutgatm, — ^This  Imcillns  is  one  of  the  most 
frequent  micro-organisms  found  on  the  c<:mjiinctiva  ;  and  as  it  is  one  of 
the  ordinary  denizens  of  the  atmosphere,  the  reason  for  its  frequency  is 
readily  understood. 

The  bacilli  are  rather  large  and  stout,  meiisuring  about  1,75  to  2.5  m  in 
length  and  ,75  /^i  in  breadth,  having  rounded  ends,  constantly  uniting  in 
twos,  threes,  and  longer  chains,  forming  myriads  of  spores  of  considerable 
size  and  oval  form,  and  being  possessed  of  motility  which  ifl  seldom  very 
rapid.  The  movement  is  generally  sinuous,  and  not  infrequently  the  indi- 
viduals turn  over  and  over  in  their  progress  from  place  to  place. 

The  bacillus  stains  well  by  the  methods  ordinarily  employed,  and  also 
by  Gram's  methcxl. 

When  cnltivatcd  upon  gelatin  plates,  the  colonies  appear  with  great 
rapidity,  grow  very  rapidly,  and  prove  rather  troublesome  by  the  extensive 
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and  rapid  liquefaction  which  is  produced.  The  first  appearance,  which 
prej^euts  itself  in  a  few  boui*s,  is  that  of  a  spherical,  colorless,  circumscribed 
body  ;  but  this  is  of  slinrt  duration,  and  soou  delicate  offshoots,  like  a  fringe^ 
begin  to  develop  around  the  colon>'.  Sonietimcs  lii|Ucfuction  begins  almost 
imuRxliately,  and  at  once  spreads,  so  that  the  cHjlony  presents  a  sauc>er 
shajic,  attaining  a  diameter  of  from  3  to  5  millimetres,  consisting  of  grayish 
or  whitish,  flocculeiit,  liquefied  gelatin,  the  eilj^es  of  which  show  a  delicate 
fringe  extending  into  the  normal  gelatin*  Other  colonies  are  observed 
which  pui-sue  a  different  course.  In  these  the  fringe  develops  around  the 
tiny  colony  as  usual,  but  grows  longer,  long,  radiating  filaments  being  given 
off,  and  liquefaction  not  seeming  to  (xt?ur  for  twenty-four  hours,  after  which, 
however,  it  spreads  rapidly  and  takes  the  normal  course. 

When  puncture  (-ultures  are  made  in  gelatin,  the  liquefaction,  M'hich  is 
in  the  form  of  a  funnel,  begins  almost  imme^liately,  and  octnn^  along  the 
whole  length  of  the  puncture.  Tlie  liquefied  area  attains  considerable  s 
in  twenty-four  hours,  reaches  the  sides  of  the  tube  in  forty -eight  bours, 
is  complete?  in  three  days,  and  has  a  varying  character, — at  fii'st  consisting 
of  slightly  clouded  liquid,  then  of  clear  liquid  containing  numerous  flooculi, 
the  latter  character  developing  about  the  time  that  the  liquefaction  is  com* 

pleted.     At  the  same  time 
F««-  ■*.  that  the  turbidity  gives  place 

to  flocculi  a  pellicle  begins 
to  form  on  tlie  su  rface*  Th  is 
soon  forms  a  complete  my* 
coderma,  having  a  white 
color  and  becoming  more 
and  more  dense,  and  finally 
forming  a  very  wrinkled  and 
tnl^pculated  layer,  which 
projects  above  the  surface  of 
the  liqm'd  at  the  sides  ol 
the  tube.  Later  the  under 
surface  becomes  s«>raewhat 
yellowish.  While  this  my- 
eoderma  formation  has  l)een  going  on  at  the  surface^  the  flocculi  have  been 
precipitated  to  the  bottom,  so  that  l)y  tlie  time  it  is  complete  it  covers  a 
perfec^tly  clear  liquid,  Ijclow  which  a  small  seiliment  is  ol)served.  Should 
the  tulie  be  agitated  so  as  to  separate  the  mycoilcrma  from  its  sides,  the 
growth  sinks,  and  may  or  may  not  be  repla<x*d  by  a  new  one. 

Upon  agar-agar  the  growth  is  not  luxuriant,  but  forms  a  translucent, 
colorless  hand  about  0,5  centi metre  in  Irreadtlij  extending  the  whole  length 
of  the  stroke.  This  growth  has  circumscribed,  slightly  rounded,  st^metiraes 
elevated  edges,  and  is  characterized  by  frequent  transverse  foldings,  which 
give  it  the  appearance  of  the  segments  of  a  tape- worm.  In  the  lower  part 
of  the  tube,  if  water  is  present,  it  forms  a  mycoderma  upon  it  pooseaaed  of 
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the  i^me  eliameters  as  that  described  as  occurring  upon  the  surface  of  the 
liquetieil  gelatiu.     When  touched  with  the  platinum  wire  the  growth  is  brittle. 

The  growtJi  on  potato  is,  of  course,  tamiliar  aud  cliaracteristic.  Along 
the  line  of  inoculation  it  occurs  with  luxuriaDce,  producing  a  dull,  rather 
dry,  ccmvoluted  mass,  which  is  thrown  loto  innumerable  folds  and  puckers. 
It  d*:)es  not  tend  to  spread  over  much  surface,  but  is  considerably  elevated, 
imd  suggests  the  appt^arance  of  a  chain  of  rugged  mountains  on  a  relief 
map,  especially  when  viewed  with  the  lens.  The  growth  on  potato  has  a 
putty  color,  sometimes  has  a  smtwth  shining  surface,  but  generally  is  dull, 
this  depending  on  the  moist  or  dry  condition  of  the  jx^tato.  Age  does  not 
materially  alter  tlie  character  of  the  growth,  whicli  doas  not  change  at  all 
in  two  weeks.  Potato  cultures  give  off  a  peculiar,  disagreeable,  pungent 
odor»  which  sticks  to  the  fingers  and  is  washed  off  with  difficulty. 

When  grown  in  bouillon  the  liquid  becomes  cloudy,  a  my codernia  like 
that  already  described  fornis  upon  the  surface,  the  cloudiness  changes  to 
floeculence,  and  precipitation  of  the  flocculi  oeeui"B,  so  that  the  cycle  of 
development  is  in  all  iK>ints  identical  with  that  in  the  liquefied  gelatin. 

In  gelatin  to  which  glucose  is  added  no  fermentation  is  produced. 

When  cultivated  in  litmus  milk  no  change  occurs  for  nearly  a  week^ 
when  the  surface  begins  t4)  show  a  deeper  shade  of  blue.  Coagulation, 
digestion  of  the  eoagulum,  and  total  disappearantjc  of  color  follow ;  but 
when  tlie  remaining  colorless  fluid  is  tested  with  litmus  paper  it  is  found  to 
be  strongly  alkaline. 

Blood-serum  is  liquefied  by  the  growth  of  this  organism. 

The  bacillus  is  entirely  free  from  pathogenic  properties. 

BaciHm  Slesetiferifjiis  Fu^ais  (Fliigge). — This  bacillus  seems  to  be  iden- 
tical   with    the   bajcillus   mesentericus 
V  id  gat  us    in    all    points    except    its 
growth  on  potato. 

When  so  grown ^  instead  of  a  cir- 
cumscribed elevated  growth ^  this  ba- 
cillus spreads  rapidly  over  the  surface 
of  the  cidture  medium^  forming  a 
yellowish-brown  layer,  thin,  aud 
covered  with  innumerable  fine  wrin- 
kles. The  general  surface  is  smooth, 
the  edges  ill  definech  As  the  growth 
increases  in  age  it  develops  a  greasy 
ap|jcarance,  and  when  it  liegins  to  dry 
takes  on  a  characteristic  parchmeut- 
like  quality.  Like  its  close  ally,  the 
bacillus  mes<^ntericus  vulgatns,  its  cultures  give  off  a  disagreeable,  pungent 
odor.  On  agar-agar  the  translucenee  is  hiss  marked,  and  instead  of  the 
segmented  tape-worm  the  growth  is  apt  to  be  homogeneous,  china-w*hite, 
turning  yellowish,  and  darkening  the  agar-agar  as  it  becomes  old. 
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BaciUm  3fesentenciis  Ruber  (Globig). — Another  frequent  inhabitant 
of  the  air,  and  one  gimilar  in  character istlcs  to  the  pret^eding  varieties,  is 
the  rose-t-olored  batnUus  mescnterieua  Slightly  larger  than  the  common 
variety,  this  microbe  m  not  very  mobile,  generally  occurs  in  chains  of  three 
or  four  elements,  ami  produt*es  large  oval  spores, 

It9  growth  on  gelatin  plates  and  tnbes  resembles  that  of  the  vulgatos, 
liquefaction,  however,  being  mncli  slower. 

On  agar-agar  and  on  potato  the  growth  takes  on  the  characteristic 
rose  tint.  The  culturc  becomes  folded,  and  is  not  adhei*ent  to  the  culture 
medium. 

In  boil i lion  a  raycoilcrnia  is  formed,  but  the  liquid  is  not  discolored. 

Baeiilu.s  of  3Im^k^  (Canon  and  Pielicke). — ^In  tlie  Berlins  Klinische 
Wochenschrift  (page  370,  1892),  Canon  and  Pielicke  describe  a  bacillus 
found  in  the  bl(x»d  of  fourteen  cases  of  measles.  This  is  of  varying  length, 
often  as  long  as  the  diameter  of  a  red  blowi-corpust^le,  often  so  small  as  to 
resemble  a  oocihis.  It  stains  best  by  the  use  of  Czenzynke's  fluid,  as  de* 
scribed  for  the  bacillus  intlueuzm  (page  504),  and  is  de(M)loriz<d  by  treat-, 
ment  by  Gmm*s  methal.  The  authors  found  it  in  tlie  blootl  of  all  the  eases  , 
examined,  and  through  the  entire  course  of  the  disease ;  in  one  ease  even 
three  days  after  the  disap{>earance  of  the  fever.  They  were  unable  to  culti- 
vate it  on  gelatin,  agar,  glycerin  agar,  or  blood-serum.  In  tliese  eases,  how- 
ever, bouillon,  to  which  a  little  blood  had  been  added  at  the  time  of  the 
inoculation,  develojied  after  se%'eml  days  a  slight  flocculent  turbidity.  An 
examination  of  tins  showed  microbes  of  similar  character,  but  not  suscepti- 
ble of  further  cultivation.  The  bacilhis  was  also  found  in  the  sputa  and  in 
the  nasal  and  ajujunctival  secretions. 

The  question  of  its  pathogenesis  is  still  sub  judice,  and  is  regarded  by 
many  (Baunigartiui)  as  doubtful. 

Baeilhis  Mymidoi  (Fliigge). — ^This  bacillus  was  found  once  in  a  case  of 
lacry mal  obst ruction. 

It  is  a  long,  rather  delicate  bacillus,  which  tends  to  grow  into  very  long 
filaments.  When  cover-glass  preparations  are  made  from  the  bacillus  as  ( 
it  grows  on  agar-agar,  it  is  seldom  found  in  chains  of  more  than  four  or 
six  constituents.  Each  individual  is  about  ,8  /^  in  width  and  from  1.75  to 
2.76  fi  in  lengtii.  In  many  of  the  bacilli^  but  more  often  lying  free,  large 
numbers  of  oval  spores  can  be  observed. 

When  examined  in  the  hanging  drop,  the  individual  is  found  to  be 
without  motility. 

It  stains  readily  vnXh  the  ordinary  aniline  dyes  and  also  by  Gram's 
method. 

Properly  speaking,  there  are  no  colonies  resulting  from  the  growth  of 
this  individual.  Aftier  about  twenty-four  hours,  inspection  of  a  gelatin 
plate  will  reveal  a  slight  cloudiut^s  to  the  naketl  eye,  and  here  and  there 
irregular,  shajK'less,  whitish,  trausluct^nt  spots  of  small  size  can  be  obser\^ed. 
These  are  the  actual  colonies  or  points  from  which  the  original  growth 
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takes  place.  Upon  microscopic  examination,  the  entire  plate  is  found  to  be 
an  immense  net- work  of  intertwining  and  crossing  filaments.  The  spots 
marking  the  original  foci  of  growth  are  not  distinct  ajlonies,  but  simply 
points  where  large  numbers  of  filaments  meet  and  cross  one  another. 

When  a  puncture  is  made  in  gelatin,  a  highly  chai-acteristic  and  beauti- 
ful growth  re8uks»  In  a  few  hours  a  flight  dulness  of  the  surface  occurs, 
showing  that  growth  has  begun  there,  and  at  the  same  time  there  can  be 
seen,  radiating  from  the  puncture  on  all  sides,  innumerable  fine  lines,  so 
delicate  as  to  estiipe  oljservation  ejceept  when  carefully  looked  for.  These 
filaments  pass  horizontally  to  the  sides  of  the  tube  and  incline  a  little 
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Upward.  In  two  days  the  whole  surface  of  the  gelatin  is  covered  with 
a  delicate  membrane,  1)cneath  which  is  a  small  liquefit»d  area.  In  three 
or  four  days  one  ia  Burt»ri.SiKl  to  find  the  entire  gelatin  liquefie<l,  and  the 
mycodenna,  which  is  now  a  heavy  and  dense  membrane,  umbilicated  at 
the  centt^Cj  se[>arating  from  the  sides  of  the  tube  and  sinking  in  the  liquid. 
As  the  membrane  sinks,  it  pushes  down  the  growth  in  the  liquid  below  it, 
causing  all  the  delicate  prolongations  to  have  a  very  much  more  marked 
upward  inclination.  A  new  mycoderma  forms,  sinks,  and  is  replaced  by 
a  third.  No  more  than  thiXH?  were  obsc^rved.  The  last  mycoderma  also 
ginks,  and  leaves  a  tulje  of  uneovereil,  clmr,  fluid  gelatin,  at  the  bottom  of 
which  the  myeodermata  appear  in  j>erfect  condition. 

Upon  tlie  surftice  of  agar-agar  the  growth  is  no  less  characteristic  than 
upon  gelatin.  A  rapid  development  occurs  along  the  line  of  inoculation, 
forming  an  irregularly  circumscril)ed,  white,  knobby  band  with  frequent 
joints.  From  both  sides  of  this  woolly  processes  extend  outward  and 
downward,  giving  somewhat  the  figure  of  a  leaf  with  its  central  vein  and 
numerous  lateral  bmuchings.  When  touehetl  with  the  platinum  wire  the 
growth  is  slightly  tenacious. 

Upon  |K>tivto  the  growth  is  rather  extended,  colorless,  covered  with  short 
tubeit>sitieSj  and  tending  when  old  to  become  scaly  in  appearance.     It  is 


516      MICRO-ORQANISMB   OF   THE   COXJUKCTIVA   A^D   LACHYMAL   SAC. 

dull  aud  dry  in  chamctGr,  the  edges  being  thin  and  drj^ing  first  when  the 
culture  ages,  aad  having  theo  a  white  color  which  contrasts  with  the  central 
growth. 

As  upon  the  surface  of  the  liquefied  gelatin,  so  upon  the  surface  of  the 
bouillon  a  mycotlenua  foriiii?*  This  sinks^  is  replaced  by  a  second,  this  by  a 
thirdj  them  all  sink  to  the  bottom,  and  the  liquid  is  free  on  the  suriiit^  or 
ia  oovereti  by  an  imperfect  reticulum.     The  liquid  remains  clear. 

Added  to  gehvtiu,  gluco&e  causes  no  gas  pnxlurtiou. 

In  litmus  milk,  on  the  seventli  day  coagulation  occurs,  aoeompanted 
by  loss  of  color.  The  casein  is  digested,  and  a  gelatinous,  colorless  fluid 
remains  which  is  strongly  alkaline  in  reaction, 

Baviliu^  of  Ptnk-Etfe  (Weeks) J — Tliis  bacillus  was  impossible  to  sepa- 
rate from  a  larger  species  of  club  sha[>e  which  was  constantly  found  w*ith 
it.  In  investigating  t[ie  diseast*  adlwl  pink-eye,  this  Ijacillus  was  found 
aggregatcMl  on  and  in  the  pus-cells  and  frt*c  in  the  mucus.  It  stained  with 
the  ordinary  dyes,  appearing  as  a  tiny  organism,  resembling  mouse  sep- 
ticjemia,  1  to  2  /i  long  and  0.25  ^  in  diameter.  It  is  of  alx)nt  the  same 
thickness  as  the  tubercle-bacillus,  but  is  shorter.  Sometimes  threads  are 
formtnl,  the  separation  of  individuals  being  distinctly  marked.  It  stains 
w^ell  by  Gram's  method. 

When  attempts  were  made  to  cultivate  the  individual,  jieculiar  diflS- 
cnlties  were  met.  No  pure  cultures  could  Ix*  obtaiueik  In  one-balf-per- 
cent,  agar-agar  tlie  bacillus  developed  very  feebly.  On  one-per-cent  agar- 
agar  it  <lied  out  in  a  few  days.  It  won  Id  not  grow  on  plates.  In  beef-tea 
it  grew  fairly  well,  constantly  mixed  with  the  club-shaped  bacillus.  On 
potato  tlie  growth  was  sc^nt. 

Tlie  growtli  securtxl  uiKin  weak  agar-agar  was  jiearly  in  color  and 
glistening  on  the  surface.  By  the  formation  of  eoncTiitric  colonics,  it  ex- 
tended for  a  shoit  distance  into  the  puncture  made  in  the  agar-agar,  and 
reached  its  height  in  from  five  to  seven  days.  The  bacillus  then  began  to 
degenerate,  breaking  up  into  small  particles,  which  took  the  stain  poorly. 
The  growth  never  dcvclujuxl  at  the  teunwrafure  of  the  room. 

That  this  bacillus,  and  not  the  club-shaped  bacillus  which  contaminated 
it,  is  the  9j>ecific  individual  of  pink-eye  is  .«hown  l>y  the  exp'riments  made 
with  the  latter,  which  was  with  ease  cultivateil  and  produeed  nf>  pathological 
changes. 

W^ceks  says  that  he  has  cultivated  finir  forms  of  bacilli  and  five  varie- 
ties of  cotx^i  from  the  ctJiijuuctival  secretions,  not  inehiding  the  cck?cus  of 
Neisser  and  the  one  I'eei^ndy  des^Tibed  by  Michel  as  the  causative  agent  in 
trachoma, 

Baviltus  Prodk/iosuii, — This  organism,  which  has  ]ironoun<*ed  character- 
istics, is  geoerally  found  distributcxl,  in  nature,  upon  substauws  which  con- 


»  New  Ynrk  Medical  Record,  May  21 ,  1887  ;  Archive*  of  Ophlbaliiiolog>%  New  York, 
1886,  vol  XV.  p.  441, 
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tain  tjtarcli,  such  as  bread,  frrshly-starched  clothing,  eto. ;  but  sometimes  it 
oeciii's  U{>un  cither  sul>*5tiuiee8,  as  mrat,  Injiletl  potatOj  aud  iu  milk. 

The  organisra  i.s  an  extremely  minute  baeilliiH,  sometimes  uuitiiig  to 
form  chains  of  ten  or  more  members.  It  is  very  short,  and  formerly  iti* 
uval  tbrni  led  obser\'en>  to  mistake  it  for  a  eowns.  The  length  is  always 
greater  in  individnals  abont  to  divide. 

When  studied  in  the  hanging  drop,  the  organism  is  found  to  torm  irreg- 
ular chains,  hut  often  i^  isolated.  If  the  medium  in  which  it  is  cultivated 
be  slightly  ai-id  in  i-eaction,  it  may  l>e  observed  that  tlie  individuals  are 
longer  than  otherwise.  No  sjKircs  bav^e  been  observed  as  yet.  These  bacilli 
8how  a  distinct  individual  movement,  but  no  cilia  have  been  demonstiatt^ih 

The  organism  is  a  healthy  and  rapid  grower,  which  soon  forms  large, 
deep,  purplish-red  patches  ujwn  the  surface  of  the  culture  media,  and  when 
-accidentally  diffust^d  through  the  dust  of  the  laboratory  becomes  a  nuisance, 
Fraenkcl  points  out  the  peculiarity,  which  few  other  organisms  possess,  of 
growing  much  more  rapidly  at  the  temperature  of  the  room  than  at  the 
ordinary  incubation  temjieratnre  of  37"^  C 

Upon  gelatin  plates  the  colon it»s  assume  a  variety  of  appearances,  which 
must  l>e  carefully  watched  Ix^iiuse  of  the  rapi<l  liquefaction  W'hicli  occurs. 
Their  first  ap|x^a ranee  is  that  of  minute  white  points,  which  can  be  made 
out  by  the  naked  eye.  Under  the  microscope  these  are  seen  to  he  of  a 
brownish-green  color  and  a  roimd  form,  and  to  liave  irregular  boi\lcrs.  The 
superficial  colonies  begin  to  cause  liquefaction  of  the  gelatin  before  they 
attain  any  conBidcrahle  size,  and  produce  slight  depression's,  which  later 
have  a  dcei>sancer  shajie.  As  the  liquefaction  progresses,  tlie  eharaeteristie 
color — a  deep  puqilish  red — begins  to  develop  in  theliquefietl  ai'ea.  When 
the  colony  has  attained  an  age  of  twenty-four  hours  the  naked  eye  can 
make  out  the  saucer-shai>e<l  depressions,  at  the  l>ottom  of  which  almost 
colorless  clumi>8  of  organisms  are  seen  surrounded  by  the  retldened  gelatin. 
The  liquefaction  progiTSses  with  great  rapidity,  aui)  the  plate  sewn  bt*tjmes 
useless.  U|Km  agar-agar  plates  the  colonies  spring  up  ns  colorless,  circular, 
w^hitish  or  pinkish,  smooth,  shining  masses,  which  begin  to  take  on  the 
dark  brick-red  eolor  when  they  attain  the  size  of  a  pin's  head.  Wlten  the 
plates  are  kept  in  tlie  ei»ld,  the  pigmcntatitm  oeeurs  more  ra|»idly  than  when 
the  room  is  l»ot  ami  the  plates  are  kept  in  it  or  in  the  incubating  oven. 

Gelatin  punctures  sufier  a  verj^  rapid  and  wide-spread  liquefaction  in  tlie 
fmuiel  form.  The  liquefaction  has  no  special  peeuliaritie!^,  and  is  l>retty  far 
advance<l  before  the  pigment  formation  liegins.  The  color  is  first  seen  at 
the  snrfiice,  w^here  an  irregular  film  forms,  fragments  sinking  from  time  to 
time,  so  that  a  retldish  granular  pnx'ipitatc  a<*fumulates  at  the  bottom  of  the 
tube.     The  most  intense  a>lor  always  remains  at  the  surface. 

Upon  iigar-agar  a  rapid  growth  takes  plac»e  along  the  whole  line  of 
apculation,  spreading  rapidly  and  forming  a  purplish-red  layer  of  e*>nsider- 
able  extent  and  thickness.  The  surface  is  smooth  and  shining,  and,  as  the 
culture  becomes  older  and  a  little  dry,  assumes  a  metallic  lustre  resembling 
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that  of  the  aniline  dyes.  When  water  of  condensation  is  present  in  the 
tiibej  tlie  growth  accumiilates  at  the  Inittom  of  it  as  a  powdery  precipitate 
whieh  has  more  of  the  purple  about  it  than  has  the  dry  growth  higher  up. 

The  surfaee  of  putato  h  mpidly  covered  with  a  blood-red  growth  which 
lacks  |>eeuliarities  other  thaji  its  eolur  and  l!ie  formation  of  a  metallic  luatre 
like  that  described  as  otnirring  on  agar-agar* 

In  iMJuillon  the  growth  rw^'nibles  that  in  the  liqiiefic^l  gelatin.  The 
li^liiid  becomes  uniformly  cloudwl ;  the  red  color  occurs  iii-^t  upon  the  sur- 
fiiee,  and  8absef[uently  sinks,  with  the  collection  of  a  moderate  amount  of 
precipitate. 

In  milk  the  casein  is  slowly  coagulated  and  the  culture  gradually 
aa^umes  a  deep-red  color. 

In  solutions  containing  sugar,  alcoholic  fermentation  is  brought  about. 

The  iniero-organi.sm  lias  no  pathogenic  properties  for  manor  for  animals, 
but  is  peculiar  in  influencing  the  action  of  other  organisms.  Pawlowski 
has  proved  that  if  mbbits  are  simultaneously  inoculated  with  anthrax  and 
prodigiosus  they  may  retxiver  from  the  anthrax  ;  and  Roger  fotiud  just  the 
opposite  of  this, — tliat  when  animals  immune  to  malignant  oxlema  were 
simultaneously  inoculated  with  prodigiosus  they  would  contract  the  disc^ise. 
There  have  Ijeen  nuoicrous  invest igati^uis  upon  the  pigment  iinniuction  of 
the  organism.  The  pignu'Ut  seems  to  hie  distriliutt^J  through  the  protr>plasm 
as  minute  granules,  generally  near  the  capsule.  Liglit  seems  to  have  no 
influence  upon  the  chromi>geuesis. 

Bficlllwt  Pitatmomas  (Frlcillandor). — This  micro-organism  wasdisc*overed 
in  1882  by  Fried  lander,  who  at  that  time  attributed  to  it  the  specificity  of 
croupous  pneumonia.  Since  then,  however^  it  has  been  shown  to  occur  in 
but  a  cijmparatively  small  pro|Mjrtion  of  such  cases,  and  its  presence  is  now 
regardtnl  as  accidentiil,  although  of  imthogenic  significance*  It  is  rather 
often  found  in  the  nasal  secretions,  in  acute  coryza,  and  in  acute  otitis  media, 
and  1ms  also  been  described  as  occurring  upon  the  conjunctiva  and  in  the 
lacrymal  tract. 

In  form  the  microbe  is  a  l>acillus  varying  in  length  fmm  1  to  2  /i,  and  is 
alxiut  0,8  /-t  in  thickness.  In  tissue  and  in  se^n-etions  it  is  surrounded  bv 
a  caipsule  whose  staining  peculiarities  are  similar  tt>  tliose  of  the  btu'illus 
lanceolafus*  It  is  aen)bic,  facultative  anaerobic,  and  ntm-motile,  and  no 
spores  have  been  observed  in  it. 

In  geneml  it  takers  on  the  stains  in  the  same  way  as  the  lan«iM>late 
bacillus,  but  it  is  distinguished  from  this  latter  by  being  dtxxdorized  by 
Gram's  method  of  tR^atment. 

It  l)egins  to  develop  on  nutrient  media  at  a  tempemture  as  low  as  15^  C, 
while  its  growth  tH*ases  at  40'^  C,  and  its  thermal  deatli-point  is  at  56°  C. 

In  gelatin  plates  it  forms  small,  round,  granular  c*)lonies,  with  sharp 
borden?,  which  apjx^ar  yellowish  l)y  transmitted  liglit,  UfK>n  the  surfaci* 
of  the  medium  the  forms  are  thicker  and  more  luxuriant,  larger,  hemi- 
spherical in  shape,  and  of  a  porcelain- white  color.     They  do  not  liquefy  the 
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gelatin.  On  agar-agar,  raimd,  opaque,  shining  white  colonies  are  prodiK^ed 
in  twenty-ibuT  houns,  whieh  sfjon  cx)alesee  and  forma  thick  white  baud  along 
the  line  of  the  inoeuhition  needle. 

On  potato  a  simikr  growth,  but  slightly  yellow  in  hue,  occurs,  whichj 
espet*ially  in  cultures  at  broml  temiM^iiiture,  contains  small  bubbles  of  gas. 
The  growth  gradually  invades  the  wliole  surface  of  the  tuber. 

U|K>n  the  surface  of  L<jffler*s  blotKl-seriim  there  is  develo)>ed  a  thin^ 
whitish,  non-liqueiying  layer.  In  upright  gelatin  tubes  there  take  place 
the  characteristic  "  nail-head''  growth  antl  a  luxuriant  gro\vi:h  along  the 
inoculation  canal,  composctl  of  uuniennis  small  white  colonics.  In  bouillon 
there  is  generally  uo  cloudiness  of  the  liquid  ;  if  such  be  present,  it  is 
exceedingly  slight,  and  in  twenty-four  hours  will  have  subsided,  forming  a 
small  clotted  deposit  at  the  lK>ttom  of  the  tube. 

Bacillus  Pi/ocifanem  (Gessard).^ — This  microljc  was  first  found  in  green 
pus.  It  has  sinc«  then  bc^^n  dis*;overed  to  be  one  of  tlie  more  common  of 
the  pus-producing  germs,  and  was  obtained  by  one  of  us  in  the  secretions 
from  a  cuse  of  purulent  et>ujunctivitis.  Tlie  microbe  is  a  small  bacillus, 
about  1  /I  in  length  and  0.3-0.4  p^  in  breadth,  occurring  singly,  oft^u  in 
pairs,  or  even  in  chains  of  three  or  four  elements.  It  is  motile^  aerobic,  and 
facultative  anaerobic,  and  liquefies  gelatin.  Spore-formation  has  not  been 
obscrvcil,  and  its  motility  is  due  to  a  single  terminal  flagellimi. 

The  microbe  colors  well  with  aniline  dyes,  and  Gram's  method  gives 
negative  results. 

Upon  gelatin,  at  the  end  of  a  day  there  appear  numerous  deep  colonies, 
spherical  granular,  with  scTrated  margins,  and  having  a  greenish-yellow 
tinge.  On  the  surface  these  spread  out  into  flat,  thin,  finely  granular 
colonies,  with  more  opaque  and  greenish  centres.  Liquefaction  commences 
about  the  second  day,  and  in  a  week  the  whole  plate  is  liquefied. 

In  gelatin  tubes  there  is  at  first  a  funnel-shaped  area  of  liquefaction, 
which  gradually  increases  to  the  complete  liquefaction  of  the  whole  medium. 
The  growth  itself,  which  is  white,  sinks  to  the  hc>ttom  of  the  tube  as  a 
white  fi(XK;ulent  de^Xisit,  and  the  liquefietl  gelatin  takes  on  a  fluorescent 
green  cnhtT,  esiM^*ially  in  tlie  upper  layers  in  contact  with  the  atmosphere. 

On  solidified  agar-agar  there  cK^curs  a  thin,  flat^  white,  viscid  band, 
mottled  and  nunst,  with  sharp  but  irregularly  scalloj>ed  edges.  The  medium 
l)c(T)mes  fluoiTScent  and  green.  In  old  cultures  the  color  becomes  yery 
dark  and  even  brownish  lilack,  and  tlie  growth  lias  by  reflected  light  a 
in < >t  I le r-« if- pearl  a ppea ra nee. 

Blood -serum  cultun^s  have  a  similar  appearance,  the  wlor  being,  how- 
ever, a  l>lue-green  and  the  medium  l3eci>ming  liquefied,  old  tulit^  contain- 
ing liquid  dirty  yellow  in  tint  in  the  hiwer  portion,  with  blue-green  upper 
layers,  I/itnius  milk  is  gradually  decolorized  from  above  downward  with- 
out any  coagulation.  At  the  end  of  a  week  it  is  a  dirty-yellow,  clear 
liquid,  with  dense  w^hite  floeculent  deposit,  and  having  a  reddish  ring  around 
the  upper  portion  of  the  tube. 
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Bouillon  ill  a  tew  days  is  clouded,  and  a  delicate  white  myeoderma  is 
formtd  on  the  surface.  With  age  the  eloudincjas  falls  down  as  a  fine  flooca- 
lent  deposit  aud  the  medium  takes  on  a  yellovvish-green  tinge. 

Ou  potato  a  eljameteristie  glistening  retldish-browo  growth  develops. 
The  tuixT  sometimes  lieconies  of  a  gn^n  color,  sometimes  remains  colurl^s. 
In  the  presence  of  ammonia  the  growth  assumes  a  green  tint,  and  on  the 
addition  of  acid  it  becomes  red. 

This  characteristic  coloring  of  the  several  cultures  of  this  micro-organ- 
ism is  due  to  the  presence  of  two  pigments,  a  blue  pyocyanin  and  a  yellow* 
green  fluorcscin.  The  several  metlia  of  «iilture  determine  the  relati%'e 
amounts  of  each,  and  Gessard  has  thus  cultivatitl  ditlerent  varieties  of  the 
organism.  One  of  these,  produced  in  alkaline  two-per-oent.  peptone  solu- 
tion to  which  five  j>er  cent,  of  glycerin  \vi\s  addwl,  gives  pyocyanin  only; 
a  second,  grown  on  egg  all>inniu,  produces  the  fluorescent  green  pigment; 
and  a  third,  from  cultures  ex|K>seil  to  a  temperature  of  67^  C-  for  five 
minutes,  is  [perfectly  eolorless. 

The  green  color  is  formed  only  in  presence  of  oxygen,  and  is  soluble 
in  chloroform.  All  the  cultures  exhale  a  very  characteristic  slightly  fmrnl 
odor. 

Besides  the  local  pyogenic  action  of  the  bacillus  pyocyaneus,  it  may 
also  determine  a  general  iufectioUj  death  occurriug  from  a  hemorrhagic 
sepsis. 

Bacil/us  Sepdem  Kerafonuif*ici<n^  (Bal>es}. — This  bacillus  was  obtained 
by  Babes  from  the  Ijroken-down  c^jrneal  tissues  and  from  various  organs  of 
a  child  who  died  of  septiciemia  fijUowing  keratomalacia. 

It  stains  with  the  usual  aniline  dyes.  Deeply  stained  granules  raav  he 
often  seen  at  the  ends  of  the  roils  or  in  the  middle  in  prejwirations  stained 
with  Loffler's  fluid. 

The  Imcilli  are  shoii  and  thick,  thinning  out  at  the  ends;  often  united 
in  pairs ;  may  l>e  surroundtxl  hy  a  capsule. 

It  is  au  aerobic  and  facultative  anaerobic^  non-liqnefying  bacillus. 
Spore  formation  is  not  observed.  It  grows  in  the  usual  culture  merlia  at 
the  room  terajierature.  Upon  gelatin  plates  it  forms  white,  slightlv  ele- 
vatinl,  flat  colonies  with  finely  dentated  margins.  lu  gelatin  stick  cultures 
the  growth  is  abundant  bcith  on  the  surface  and  along  the  line  of  inocula- 
tion. Gas-bul>l>les  are  forme<l  in  the  gelatin.  Upon  tlie  surface  of  agar 
the  growth  along  the  line  of  inoculation  is  h^f-like,  finely  dentate,  some- 
w^hat  opalest'ent,  and  the  cultnre  has  a  slightly  ammoniacal  odor.  Ujion 
Wood-serum  a  sem i -trans jmrent,  glistening  film  is  formetl  which  has  dentate 
margins. 

It  is  pathogenic  for  rabbits  and  mice,  less  so  for  birds,  and  is  not 
pathogenic  for  guinea-pigs.  The  animals  die  in  from  three  to  seven  dam 
Inoculatetl  into  the  cornea,  it  causes  punilent  keratitis, 

Bacillm  SuhtUis, — This  organism  is  one  of  tlie  most  common  microbes 
found  in  the  air,  dust,  water,  etc.     It  is  a  long  bacillus^  averaging  over  3  ;» 
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in  length  and  l^eing  alxmt  0.7 /i  in  thiekncH^*  Its  motility  is  greatly  due  to 
the  action  of  two  long  tlagella,  one  at  eaeli  end.  It  tK"curs  eitlier  siup:ly  or 
in  long  chains,  wliich  are  likewise  motile,  and  liear  spores  which  are  of 
somewhat  Ic^^  ealihre  than  the  bacillus  itself  (2  fi  by  0.6  ^).  This  organism 
is  said  to  be  a  true  aerobie,  growing  only  in  the  prt^»nee  of  oxygen.  It 
takes  on  the  ordinary  aniline  stains  with  fa4.'ility. 

In  gelatin  plates  there  soon  appear  small,  round,  gmnnlar^  yellowisli 
colonies,  which  gradually  increase  in  siz«?  and  slowly  liquefy  the  surround- 
ing medium.  In  the  midst  of  this  liquefied  area  are  small  granular  de- 
posits, the  remains  of  the  original  colony,  while  around  the  jx^'iphery  there 
ifk  seen  a  zone  of  minute  radiating  filaments  projei^tiug  into  tlie  slowly 
liquefying  gelatin. 

In  gelatin  tubes  the  liquefaction  is  much  more  slow,  scarcely  any 
change  of  consistency  lacing  not-ed  even  at  the  fifth  day  of  grow^th.  On 
agar-agar  there  is  develop<?d  a  creamy  or  moist  putty-like  layer,  often 
spreading  and  covering  the  entire  surface.  The  border  is  thick,  shar|)ly 
defined,  and  irregular* 

Bouillon  be<"onies  at  first  cloudy,  bnt  with  the  apjiearauce  of  a  thick,  co- 
herent mycodernia  ;  this  turbidity  is  precipitated  as  a  fine  floccnlent  deposits 

Od  potato  the  growth  is  similar  to  that  on  agar-agar,  and  has  a  dirty- 
whitje  or  slightly  yellowish  tinge* 

Altliough  this  microbe  has  no  pathogenic  properties,  it  is  of  intemst  on 
account  of  its  frequency  and  l>ecanse  of  its  proljable  identity  with  the  so- 
called  bacillus  of  jeipiirity  infusions. 

BadUm  Sudmieum  (McFarland)* — This  small  bacillus,  measuring  from 
\  fito  L75  /*  in  length  and  from  .3  pl  to  ,5;*  in  breadth,  was  found  but  once 
in   the  conjunctival  s*.*cretions  of  a  ciise  of  granular  conjunctivitis*     The 
organisms    generally    have    rounded 
ends,  <xx:ur  isolated  or  joined  in  twos, 
and  are  peculiar  in  presenting  many 
club- form  and  falciform   individuals 
in   comparatively   fresh    cultures,  so 
that  involution  forms  are  ver^^  com- 
mon.   The  organism  seems  to  be  non- 
motile,  and  no  spores  were  observe<l 
in  it. 

It  takes  the  aniline  dyes  rather 
badly,  prhaps  because  of  the  rapid 
degeneration  which  it  shows,  and  is 
not  coloretl  at  all  by  Gram's  metlnxl. 

U{K)n  gelatin  plates  the  colonies 
are  slow  in  developing,  not  appearing 

until  from  twenty-four  to  fVirty-eight  hours.  They  are  small,  sharply  cir- 
cumscribed, sphcricsal  or  round,  yellow,  translucent,  and  slightly  granular, 
tlie  granular  condition  being  observed  particularly  in  the  centre,  where  thejr 
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blaoce  to  powdered  glass,  an  appearance  which  be* 

th€  colany  ages. 

boors  after  a  pancture  is  made  Id  gelatin  a  minute  depres- 

I  oo  the  surface.     This  increases  in  size,  forming  a  cup  or 

wliidi  a  delicate  growtli  of  microsc*opic  colonies  dev^elops 

cfa»  tf«dc  of  thr  needle.     By  the  third  day  a  delicate  funnel  of  slightly 

fiunSHi  gdtttiii  is  seen  extotidiug  from  the  air-hubble,  whose  floor 

m  iwUliiiinh  sorfiioe-growth  about  one-fourth  the  depth  of  the  gel* 

L  tpniiiniring;  in  a  sharp  apex,  iu  which  a  yellow  powder  collects. 

mth  ioerH«?s  in  sixe,  s})readiniT  to  the  sides  alcove  and  gradually  to 

itt»  until  at  the  end  of  four  weeks  the  gelatin  is  entirely  liquefied  j 

remains  with  a  yellow  zooglear  precipitate.      No 

I  normal  or  glucose  gelatin. 

on  agar  is  very  delicate,  consisting  of  a   narrow,  trans* 

or  amber  Ijsind  along  the  whole  line  of  inoculation.     This 

f  vi?ry  equal  breadth  throughout,  and  the  growth  does  not  alter 

c>    .liuii^tiier  in  the  lower  moist  portion,  nor  does  it  spread  upon  or  de- 

^,  i.fp    h  the  wiktjer  expressed  from  the  agar-agar.     If  this  growtli  be  viewed 

i  h  kfis*  it  will  be  seen  to  be  lobulated  and  a  littJe  thickened  at  its 

/^^^^     Wbwn  touched  witli  the  platinum  wire  it  is  found  to  be  brittle,  and 

*4ai  *^  i>ic4i6ii  up  only  with  difficulty,  bet^nse  of  its  non-adhesive  characttT. 

^di  took  place  best  at  room  temjieratnre. 

\iiti»iiH|[h  numerous  trials  were  made  at  all  temperatures,  the  bacillus 

.*^4lU  iii^  ^  tmiuiiNd  Ui  grow  upun  potato. 

WJMi  |ikhuito}  in  hniillon^  the  bacillus  did  not  distribute  itself  through 

vt  ami  cause  turbidity  or  fltxvulence,  but  seemed  to  form  small 

-   which  collectetl  at  the  bc*ttom   of  the  tube^  leaving   the 

i changed.     The  growth  in  bouillon  seems  to  be  scant. 

.ue*.  milk  beci>raes  decolored  without  any  acid  production.     After 

»/  of  the  blue,  a  rapid  growth  of  the  bacilli  ocK*urs  at  the 

:  au  omngeyellow  ir^IIicIc.      Later  the   milk   c%>agnlat6d, 

u  wai»  dig€»$tedj  and  when  the   remaining    clear  fluid  was  tested 

y>%  wai^  mHitnil. 

MA  ^fpkilitt  (Lustgarten)* — The  ijui'stion  of  the  presence  of  a  spe- 

t  iu  this  disease  is  as  yet  undt*cidrti     Lustgaiten  lias  described 

!.  ri  ho  tuund   iu  ct^rtain  t^ses  of  syphilitic  iilt'eratiun  and  in 

iMr^;vs.     It  is  an  organism  closely  resenibliug  the  bacillus  of 

.  lunii  and  size,  Ijnt  differing  from  that  microbe  in  its  staining 

It  i^  slightly  irregular  iu  outline,  and  is  generally  curved  or 

'  rn*xl  portions  similar  to  those  we  see  in  the  tubercle- 

U*  iu  tliis,  but  that  they  are  sjwres  has  not  yet  been 

Lltlutagh  Lustgarten  regards  them  as  such.     The  method  by 

-iii"<t*eded   in  coloring  his  bacilli  in  tissue  is  as  fol- 

\\  ^    "^1  fur  twenty-four  honrs,  at  a  temiM»mture  of  40°  C, 

IU  violet  stain  (auiltne  water,  one  hundred  parts ;  saturated 


* 
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alcriholic  solytion  of  gentian  violet,  eleven  ]Mrtj?).  Wtishrtl  in  alcohul,  they 
are  tlien  dwolorizecl  by  immersing  them  siiec**ssively  in  a  1.5-per-cent. 
solution  of  permanganate  of  potassium  anJ  a  weak  watery  solution  of  sul- 
phurie  aeitl.  After  l>tdng  thomiighly  wa^ht^l  in  water  they  are  dehydrateJ 
and  mounte<l  in  l^iLsam  in  the  usual  way.  On  examining  sueh  a  s4M?tiun 
Lustgarten  found  his  iKieillus  not  free  in  the  tissue,  bnt  contained  witliiu 
the  eell  in  nunil>ers  from  two  to  five. 

As,  however,  no  eu  It  ores  have  hec^n  obtaineil,  and  therefore  it,s  biology 
and  pathogeiiie  properties  remain  undetermined,  and  as  niany  other  ob- 
servers have  been  unable  to  corroborate  Lustgarten's  discovery,  we  may 
consider  the  s]KH^*ifieity  of  this  micro-organism  as  not  proved,  and,  indeed, 
as  extremely  diUibtfuL 

BaeiUus  TuheratJmis  (Koirh).^ — ^Tliis  organism  is  found  in  tlie  rather 
infrefjuent  castas  of  liipns  c^jnjunetivie  and  tuljereulosis  of  tlie  laerymal 
apparatus.  In  lupus  it  generally  ixrnpies  the  cellular  masses,  and  is  si> 
deeply  situated  as  to  be  obtained  only  by  curc*tting  tlie  diseased  area*  If 
some  of  the  niaterial  thus  obtained  be  reduced  to  a  pulp,  spread  in  a  thin 
layer  upon  the  snriace  of  a  elean  (Xiver-gla,ss,  and  jjitsseil  tlirec  times  tliroiigh 
the  flame,  the  eharaeteristic  stain  may  define  a  very  few  organisms.  In 
lupus,  however,  as  the  nnnil:>er  of  bacilli  is  always  very  small,  much  time 
will  probably  be  si>eiit  before  tliey  arc  ilisco\'crc<:h 

The  laerymal  appamtus  may  Ije  afllt^ieil  independently  of  the  conjunc- 
tiva :  thus,  Loidholt  reports  a  case  of  tnbercuhwis  of  the  sac  in  which 
bacilli  wert^  found,  but  in  which  there  was  no  iuvolvement  of  the  conjunc- 
tiva, of  the  nasid  mue<)us  membranes,  or  of  the  skin. 

The  staining  of  the  tubercle- bacillus  is  a  simple  matter,  requiring  only 
a  few  minutes'  time  and  two  reagents,  and  Ga  bluett's  modified  ion  of  the 
Ziehl-Neisser  method  is  the  one  employ e*l  with  the  iK'st  results.  U|X)n 
the  prepared  cDver-glass  is  ilropped  enough  of  the  following  solution  of 
fuchsin  to  cover  it  completely  and  to  apjiear  to  be  alwut  to  overflow: 
fuchsin,  1  ;  alcohol,  10  ;  flve-per-cent.  aqueous  solution  of  mrlxilic  acid,  ICK), 
Thus  prepared,  the  eover-glass  is  gently  heated  until  vapor  arises,  and  this 
temjwniture  is  maintained  for  about  five  minutes.  The  stain  is  then  iK>tired 
off*^  ttie  specimen  given  a  pretty  thorougli  washing  in  water,  and  an  t^qual 
amount  of  Gabbett*s  solution  dropjMMl  on:  methyl-blue,  1  to  2;  suljihuric 
acid,  25 ;  water^  75*  This  is  allowed  to  act  for  thirty  seconds,  and  then 
washwl  off  with  watcT  luitil  only  a  faint  bluish  cf>Ior  remains.  The  s|>eci- 
men  may  be  inuncdiately  exam  in*  J  in  water  or  glycerin,  or  may  l>e  dried 
and  mounted  in  Canada  balsam. 

If  such  a  specimen  l>e  examintil  under  an  oil-immei*sion  lens,  it  will  be 
found  that,  while  everything  else  has  a  delicate  lilue  color  from  the  methyl- 
blue  of  the  Gabl>eU-s  solution,  the  tuberele-iKieiili  have  i*esistetl  the  decolor- 
ant action  of  the  sul|)hin'ic  acid,  and  ap}>ear  as  delicate  red  rods  alxMit  1.5  to 
3,5  /I  in  length,  generally  slightly  I  rent  and  slnjwing  more  or  k*ss  dis[30si- 
tion  to  oocur  in  jairs  or  small  groups,  with  their  long  diameters  side  by 
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sidt\  llie  bat'illi  wliii^li  xire  jmitly  degenerakHl  or  which  are  imperfectly 
ciilored  exliibit  a  hcmletl  apiwaraiK-e  not  no! Ike  that  of  streptococci,  staiDed 
areas  allerDating  with  colorless  spaces.  By  some  tliese  dear  areass  are  re- 
garded sis  spores,  but  of  this  there  is  as  yet  little  or  no  prixjf. 

We  would  recomiiiend  the  indirect  method  of  cultivation,  by  which  the 
conjimetival  scniping:?!  fraoi  the  sus|^iected  case  are  introduced  into  the  sub- 
cutaneous tissue  or  alxlominal  cavity  of  a  guinea-pig.  If  tubercie-baeilli 
are  thus  introdut^l,  in  the  course  of  two  or  three  months  the  animal  will 
sicken  aad  die  of  gencnil  tuljcrculosis^  and,  as  the  nidaver  presents  abundant 
tubercular  lesions^  no  trouble  will  be  experienced  in  incising  a  tul>ercular 
mass  with  a  sterile  knife  and  removing  some  of  its  coutents  by  means  of  a 
sterile  wire  to  a  tube  of  blood-serum  or  gly(*eriu  agar-agar.  Tuberele- 
bacilli  grow  only  at  the  tenij>erature  of  the  body,  and  are  slow  in  tlieir  de- 
velopment, the  colonies  apiteiiriug  iD  from  ten  to  fourteen  days  as  dry  whitish 
scales  or  liakcs  eouriidenibly  elevated  al>ove  the  surface  of  the  medium,  and 
showing  no  disposition  to  spread.  Gelatin  is  unfitted  for  the  culti^'atioD 
of  this  oi'ganisni  Ini'cause  the  clevate<l  tcmjH^rtiture  at  which  it  must  l>e  kept 
of  course  melts  the  mcHlium,  aud  not  bivause  there  is  anything  unfitted  for  its 
growth  in  the  gelatin.  MeltcxJ  gelatin  containing  from  five  to  ten  j>er  cent 
of  glycerin,  as  well  lus  In^^f  broth  or  peptone  solutions  containing  glycerin, 
are  not  inappropriate  as  culture  media.  It  is  even  asserted  by  some  that 
tlie  tubercle-bacillus  may  l>e  grown  upon  potato  if  the  potato  be  hermeti- 
cally sealed  in  a  tube  so  as  to  be  kept  moist. 

The  bacilhis  is  non-motile,  and  prolmbly  does  not  produce  spores.  The 
sjiecies  ciui  almost  always  be  determinetl  by  its  staining  peculiarities,  w^hich 
are  sharetl  only  by  the  bacillus  of  lepra. 

Bacillus  Varimsiis  Cfynjundine, — Gomljcrt  found  this  organistn  in  the 
healthy  conjunctival  sac  of  man. 

The  organism  is  a  large  bacillus  with  round  ends,  from  2  to  8  m  long 
and  about  1  ri  broad.    Tlie  shorter  luifitli  are  often  constricted  in  the  middle. 

It  stains  with  the  usual  aniline  colors. 

It  is  an  aerobic  and  facultative  anaerobic,  liquefying,  non-motile  bacil- 
lus ;  grows  very  slowly  in  nutrient  gelatin  at  22°  C,  rapidly  in  agar  and 
upon  potato  at  37°  C.  In  gelatin  stick  cultures,  at  the  end  of  twenty-four 
hours,  a  circulur  layer  having  a  grayish- white  centre  is  develojied  upon  the 
surface,  and  a  scarcely  visible  grayish-white  thread  along  the  line  of  punc- 
ture. Liquefaction  extends  gradually  from  the  surface  without  clouding  or 
changing  the  gelatin,  so  that  at  the  end  td*  two  wi?eks  the  gelatin  is  entirely 
liquefied  without  giving  any  other  evidence  of  the  presejjoe  of  the  micro- 
organism.  Upon  agar-agar  plates  at  37^  C.  the  deep  colonies  have  a  diam- 
eter of  about  four  millimetres  j  by  the  end  of  the  tburth  day,  under  a  low 
power,  they  can  be  seen  to  be  covered  with  minute,  irregular,  thorn-like 
prqjeitions,  which  subsequently  increase  in  size  ;  the  centre  of  the  colony  is 
granular  and  opaque. 

The  superficial  L-olonies,  under  a  low  power,  are  seen  to  have  an  opaque 
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ceiitnil  nucleus^  ^urroiiniled  by  a  yellowish,  finely  granular,  transparent 
jieripheral  zone;  later  the  central  portion  is  irregular  and  S4?mi-opaque, 
snrronncled  by  a  broad  marginal  zone,  whieh  coosists  of  twisted  and  bent, 
tapering  otfshocvts  havim^  a  dark  contour.  U^wn  thesnrfac^of  agar  a  thin, 
wliite,  dry,  very  adherent  film  is  tbnned  ;  a  thick  white  film  forms  upon 
the  surface  of  the  eondensati^>n  water,  Uixin  |xitato,  development  is  rapid 
at  37*^  C,  forming  at  first  a  dry  white  layer,  whieh  at  the  end  of  ten  days 
covers  the  entire  snrfaee  ;  it  then  ha,s  an  irregular  surface  and  fringed 
margins,  is  smooth,  dry,  and^  after  a  time,  has  a  rt*ddish-browu  color. 

PathogeneJik, — When  incxnUaU^  into  the  cornea  of  rabbits,  a  grayish- 
w  h  i  te  c  1  < j  u  d  i  n  ess  i  s  d e Vi  ^  lojKtl  i  n  t wen  ty -  fon  r  ho  n  r s ,  aroi i  n  d  w  h  i  t^i  tl t  e  cornea 
is  highly  vascular.  The  animal  rt^'ovei-s  without  the  formation  of  an 
abscess.     Injected  into  tlie  a>njunctiva,  it  causes  an  intense  hyj^eraemia. 

Baeilim  Violacem  FAr^ias  (McFarland). — This  organism  was  cultivated 
from  the  conjunctiva  of  a  case  of  granular  Cfjujunctivitis. 

It  is  a  short,  oval  ba<"illus,  with  rouiidcil  ends.  It  is  actively  motile, 
and  forms  chains  of  from  two  to  eight,  which  are  also  motile.  No  spores 
eould  be  observed. 

It  stains  well  witli  the  ordinary  stains,  and  appears  as  in  the  hanging 
drop.     It  does  not  retain  the  color  when  stained  by  Gram's  method. 

In  twenty-four  hours  the  c^ilonies  appear  upon  gelatin  as  irregular, 
yellowish-white  clumps  with  granular  c^jutents.  They  are  circumscribed 
at  first,  but,  as  liquefaction  comes  on  rapidly,  are  soon  sun-ouoded  by  a  little 
zone  of  liquid,  which  is  bridged  over 
in  many  places  by  bristling  fibres  ex- 
tending from  the  c<:)lony  to  the  normal 
gelatin.  These  little  tlireads  are  too 
small  to  l>e  t^llal  processes  or  projec- 
tions, but  give  the  colony  a  rather 
bristling  appearance. 

In    gelatin    the    development    is 
rapid,    a    little    cup    of   liquefaction      I     t     I      P    I  II    I  '1 

being  apjiarcnl  in  forty-eight  hours. 
This  rup  increases  in  diameter  more 
mpidly  than  in  depth,  rt^ching  the 
sides  of  the  tube  in  four  or  five  days. 
At  the  ajjex  of  t!ic  cup  an  acmuuula- 
tion  of  the  growth  ofvurs,  which  not 
rarely  presents  a  pink  color,  but  some- 
t i  mes  i s  yel low,  T h e  1  i q u efied  gelat i  n 
sometimes  has  a  delicate  violet  hue.  The  gelatin  is  all  liquefied  in  al>out  a 
mouth,  and  then  presents  a  pink  color  in  the  up|>er  fourth  and  a  pinkish 
mycoderraa  on  the  surface. 

Upon  agar-agar  the  growth  attains  its  very  marked  characteristics. 
Along  the  line  of  inoculation  a  rather  delicate  band  of  pink  forms,  smooth 
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g  distinctly  circuinscribed 
bordt*rs,  Tiiis  dom  not  attaio  any  considomblc  size  lK»fore  the  agar  itself 
becomes  a  beautiful  violet,  most  niarkcil  at  tlie  upper  j^^art.  Curious  is  the 
fart  tliat  the  growtli  wiiieh  takes  pluee  in  the  expressed  water,  and  whidi 
ai>pears  a^  a  powdery  sediment,  is  invariably  brigiit  yellow.  The  violet 
eoh>r  is  much  intensified  when  ft-equently  transplanted  to  new  agar-«gar, 
Wlien  the  cultures  are  old,  the  v^iolet  hue  fades  and  the  ealtiire  becomes 
yellowish-white. 

The  gmwth  on  potato  is  mther  luxuriant,  and  of  a  dirty  salmon  color. 
Its  only  i4iarat*teristie  is  a  slight  translucent  efteet. 

In  bouillon  the  growth  occurs  rapidly,  producing  turbidity.  Soon 
the  liquid  assumes  the  violet  hue,  and  a  thin  pink  or  violet  niycoderma 
forms  on  the  surface.  The  growth  which  precipitates  is  always  yellow  and 
powder\\ 

In  litmus  milk  there  seems  to  be  a  slight  acid  production. 

Proteus  Vulgaris  (Hauser),  Bacillus  d  of  Fhk. — This  bmnllus  was  found 
twice  by  Fick,  both  times  upon  discascKl  conjunctivfie.  Its  pwuliarities  are 
well  known,  and  h  is  an  amdental  ort^uism  upon  the  conjunctiva. 

The  bacillus  is  very  short  and  delicate,  mcasimng  from  LO  to  2.4  /*  in 
length,  tlie  avenige  l>eing  1.2  /i,  and  about  0»o  to  0.7  /i  in  brejidth.  It  varies 
ainsiderai»ly  in  a[n>earance,  sometimes  being  elliptical,  sometimes  elongated, 
with  rouuded  ends. 

The  organism  is  actively  motile,  and  perhaps  produces  spores. 

It  stains  quite  well  with  tlie  ordinary  dyes,  but  does  not  retain  the  stain 
when  Gram  s  metho<l  is  employed. 

The  ehanicteristic  apiiearanee  of  the  colonies  takes  pla(^  only  upon  five- 
per-eent,  gelatin  ;  at  the  end  of  six  or  eight  hours  careful  ol>servation  will 
reveal  small  depressions  in  the  gelatin.  When  magnilit^l,  these  are  seen  to 
be  colonies  of  bacilli,  which,  though  thick  in  the  centre,  are  observed  to  thin 
away  at  the  (Hlges  until  surrounded  by  only  a  single  layer  of  bacilli.  Tliis 
outer  zone  gives  oft'  irregular  pnwesses  like  the  pseudopcKlia  of  an  amceba. 
These  psendopodia  not  only  resemble  an  amo?ba  in  app^nrance,  but  are  con- 
stantly seen  to  l>e  changing  their  shape  and  jiosition,  and  s<:)nietimes  detach 
themselves  friim  the  main  colony  to  lead  a  sepsimte  existence.  After  a  time 
the  whole  surface  of  the  gelatin  is  found  to  be  covered  by  wandering  amoeba* 
like  colonies.  Abtnit  this  time  liquefaction  of  the  gelatin  takes  place,  and 
progresses  with  great  rapidity. 

This  picture  does  not  neeur  when  ten-i)er-cent.  gelatin  is  used* 

Upon  agar-agar  plates  the  colonics  ai)pear  m  twenty-four  hours.  They 
are  circular,  consisting  of  a  central  dark  sj>ot  surrounded  by  a  lighter  zone^ 
Frecpiently  daughter  colonies  are  ohservtxl  to  project  from  the  parent  colony. 
The  deep  colonies  are  spindle-shai>ed. 

In  gelatin  puncture  cultures  a  distinct  colony  is  ol)ser\'able  in  twenty- 
four  hours.  In  forty-eight  hours  liquefaction  l>egins,  and  progresses  in  a 
funnel  form.     It  not  infrequently  happens  that  in  the  punt^ture,  at  points 
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remote  from  the  fimiiel  at  liquefaction  which  is  progi^essing,  di^-rete  dis- 
jisst>ciuteil  areas  i>f  lii|iielaction  spring  up  and  8ub**c<jiicntly  imiU\  The 
liquefied  gelatin  is  eUiudy,  and  at  the  bi>ttom  of  the  tul>e  a  eonsidei-able 
amoinit  of  sediment  wllects.  The  cultures  in  process  of  liquefaction  have 
a  disagreeable  i?mtll. 

Linear  cultures  on  agar-agar  show  a  grayish  {>elliele.  These  cultures 
also  have  the  same  foul  smell  that  is  obstTved  in  the  gelatin. 

A  smeary  semi-liquid  layer  tH^eurs  on  the  surfa«^  of  bloo^l-serum.  The 
water  of  t^ondensation  is  rapidly  invaded,  an*l  in  five  day^  the  cultures  give 
off  tlie  j)ceuliar  (kIot* 

Upon  the  surface  of  jxitato  a  dirty-whifce,  moist  layer  grows  luxuriantly, 
Tbejsc  eulturt^  also  have  the  <xlor  in  great  intensity. 

It  is  jiathogenic  for  animals  (rabbits  and  guinea-pigs),  but  nut  for 
nian.  Fick  found  that  when  intrmlucecl  into  the  eyv  it  prtKluced  an  acute 
conjunctivitis,  and  that  it  was  capable  also  of  bringing  about  a  serious 
keratitis. 

Ciadothnx  DichomatfL — One  of  the  causes  of  obstruction  to  the  tear* 
flow,  and  first  deserilx'd  by  Von  Graefe,  is  that  micro-orgauism  formerly 
called  the  streptothrix  fijcrsterii.  His  description  of  this  organism  is  in- 
sufficient, but  it  is  proljably  that  known  as  tlie  streptothrix  diehomata  or, 
more  pro[>erIy,  thecladnthrix  diehomata.  (Cohii.)  It  occurs  in  tlie  canal  in 
the  form  of  small  chalky  masses^  often  the  size  of  a  pea,  and  consisting  of 
what  seems  at  first  a  mass  of  closely  intertwined  filaments  with  dichomatous 
branching.  Under  a  high  power  this  is  swn  to  be  a  false  Ijraneliing,  tlie 
several  elements  being  placed  at  an  angle  wi  th  each  other,  but  separated  by 
a  clear  space.  The  isolated  filaments  are  about  0.4  /^  in  thickness,  and  vary 
in  length  up  to  40  /i.  They  ai-e  straight  or  sinuous,  or  even  spiral,  in  char- 
acter, and  are  not  motile.  The  ordinary  aniline  dyes  stain  them  with  facility. 
The  growth  of  this  cladothrix  on  culture  media  is  characteristic. 

In  gelatin  plates  it  slowly  (in  four  or  ^vv  days)  forms  sinall^  yellowish 
colonic*!  whicli  arc  surroundtHl  by  a  brownish  discoloration  of  the  nietlium* 
They  are  granular,  and  show  numerous  filaments  which  extend  a  short 
distance  into  the  liquefying  gc^latin.  Tins  liquefaction  takes  place  very 
slowly.  The  colonies  gradually  bt'come  covered  with  a  fine,  chalky,  dust- 
like dejxjsit. 

In  the  tube  of  gelatin  a  similar  growth  takes  place.  At  first  there  is  a 
thin  grayish  skin  formed  upon  tin'  surfaw,  w^ith  some  few  white  colonies 
along  the  track  of  the  inrw^ulation  nt^lle*  The  gelatin  is  slowly  liquefied 
and  discolored.  The  growth  itself  becomes  a  whitish,  flcxrulent  maas,  and 
sinks  to  the  Ijottom  of  the  dark -brown  liquefied  mtHlium. 

In  bouillon  there  are  fonned  the  same  white,  floeculent  masses,  the  fluid 
remaining  clear. 

On  agar-agar  the  colon it^s  are  most  characteristic.  They  arc  semi-trans- 
parent, yellowish,  glistening,  parcliment-like^  and  round,  are  marked  on 
the  surface  with  conceiitrie  rings,  and  grow  down  into  the  medium.     This 
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gradually  assumes  the  same  dark- brown  eulor  as  gelatin,  and  the  growth 
becomes  covered  wrtJi  the  same  ehalky  deposit. 

On  potato  there  is  a  white  skin-like  growth,  which  takes  on  the  chalk- 
like material  and  grows  down  into  the  substance  of  the  tuben  This  chalky 
material  the  mieroso(jj>e  siiuws  to  be  made  up  ot*  shoit  rods  and  of  cocci, 
which  are  probably  the  forms  of  resistance  of  this  micro-oi^iiism. 

3Iicrocoecus  Candkami  (Fliigp^). — Fiek  waii  successful  in  rec*ognizing 
this  organism  ten  times^  the  cultureis  being  made  from  six  normal  and  four 
diseased  eyes. 

The  oocri  are  spherical,  a  little  larger  than  the  stiiphyloeoccus  pyc 
aureusj  and  are  frequently  associated  in  irregular  groups*  The  size  vari€§'i] 
considerably,  but  may  be  set  down  as  from  0,8  to  L2m  in  diameter.  They 
6txiin  well  with  the  aniline  dye^,  and  retain  the  color  well  when  stained  by 
Gram's  methiMl. 

The  colonies  upon  gelatin  are  cream-like  in  color,  and  appear  under  the 
inicmsf^o|ie  as  shining,  circular^  finely  granular  Ixxlies  with  jagged  outlines. 
The  deep  colonies  are  ipnte  diflerent,  and  a]>i>ear  as  finely  granular  dark- 
brown  splua^es. 

In  gelatin  puiictui-e  cultures  a  confluent  white  rod  is  Ibrmed  along  the 
track  of  the  nt^edle,  terminating  al»ove  in  a  white,  button-like  growth  on 
the  surtaee.  The  growth  is  slow,  and  at  least  a  week  [)asses  lx*fore  the 
**  nail-shaped'*  growth  occurs.     The  gelatin  is  not  liquefied. 

U[)OD  agar-agar  a  white,  shining,  almost  homogeneous  gmwth  is  pro- 
duced. 

Potato  cultui-es  are  similar,  and  a  luxuriant  white  mass  speedily  forms. 
Fiek  endeavoi^  to  produi^e  intlanimation  of  the  rabbit's  eye  by  introducing 
it  Ijeneath  the  corneal  amjunctiva,  but  failed. 

The  organism  is  not  pathogenic. 

Diplococem  Gonorrhfr^  (Neisser). — The  gouococcus  of  Neisser  is  an 
orgiuiism  whose  presenci*  upon  the  conjunctiva  in  cases  of  purulent  ophthal- 
mia very  few  ean  doubt,  but  whose  positive  demonstration  is  a  matter  ol*  no 
inconsiderable  difficulty,  because,  shoidd  one  w^sh  to  stain  it,  it  is  most  easily 
confiiundiMl  with  other  cocvi  of  similar  shajw  which  have  exactly  the  same 
staining  qualities ;  or  should  he  desii-e  to  cultivate  it,  it  is  almost  im[H>s- 
sible  to  make  it  grow,  while  contaminating  organisms  of  similar  sliape  and 
size  grow  abundantly. 

To  find  this  impoiiant  organism,  a  perfedh/ frei^h  case  of  purulent — Le,, 
gonorriueal — ophthalmia  should  be  selected,  and  a  tlrop  of  the  laerynial  se- 
cretion from  the  most  purulent  area  picked  up  with  a  sterile  wire  and  spretid 
ujion  a  cover  in  a  thin  film.  This  is  dric*!  and  fixed  by  passing  it  three 
times  through  the  flame,  and  the  stiin  pour(?d  upon  the  gla.^.  The  organ- 
ism can  be  stainal  with  the  aqueous  solutions  of  the  basic  aniline  dyes, 
especially  methyl-violet,  gentian-violet,  and  fuclisine.  Double  staining  may 
easily  be  ac^eomplishetl  by  using  methyl-blue  and  following  by  a  weak  solu- 
tion of  eosin.    The  organism  does  not  retain  the  stain  with  Gram's  method. 
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When  siiecessfally  colored,  the  cocci  apjiear  of  a  biscuit  shajie,^ — like  the 
German  roll  calkJ  **semmel,-*^ — this  form  being  the  result  of  division  with- 
otit  complete  separation  and  isolation  of  the  organism.  The  approximated 
8urlaces  are  flattened.  Stern l^erg  gives  the  measui'ement  of  the  length  of 
an  associated  pair  as  0.8  to  1.6  ii  in  the  long  diameter  and  0.6  to  0,8  /^  in 
the  short  diameter. 

The  cocci  divide  alternately  on  two  planes,  and  for  this  reason  tetrads 
are  very  common,  Tlie  diplococci  are,  however,  the  more  common  form, 
and  this  form  mav  be  regarded  as  characteristic. 

As  lias  been  said,  the  apjxsarauee  cannot  Ijc  taken  as  a  reliable  guide  in 
the  diagnosis,  Bumm  found  other  diplococci  exactly  like  the  gonoeoeci  in 
appearance* 

As  regards  its  vegetative  properties  this  coccus  is  peculiar.  It  will  not 
grow  in  gelatin,  on  agar-agar,  or  in  bouillon,  and  grows  less  readily  upon 
blo<x] -serum  prepared  from  the  blood  of  animals  tlian  upon  human  serum. 
It  will,  howeverj  grow  upon  animal  serum  and  also  upon  Loffler*s  mixtui*e, 
AVhen  a  culture  is  refjuired^  the  method  of  obtaining  it  is  to  st^lect  creamy 
pus  from  a  perfectly  fresh  case,  picking  it  up  with  a  sterile  platinum  loop 
and  depositiug  it  upon  the  coagulated  serum,  so  as  to  make  little  drops  or 
smears  rather  than  a  surface  smear  or  linear  culture  of  magnitude.  The 
cultures  must  be  ke[Jt  at  the  temperature  of  37^  C.^  and  should  not  be 
allowed  to  remain  for  longer  than  eighteen  to  twenty -four  hours.  By  this 
time  growth  will  have  begun,  and  from  one  of  the  little  colonies  a  linear 
culture  can  be  made  in  a  fresh  tube.  The  organisms  grow  very  slowly  along 
this  stroke,  and  in  two  or  three  days  cease  to  increase.  Such  a  growtli, 
if  successful,  will  be  about  a  quarter  of  an  inch  long,  verj^  delicate,  of  a 
yellowish-white  color,  and  moist  and  shining.  In  a  few  days  the  cocci 
lose  their  vigor  and  lx»<x)me  not  only  n on- vegetative,  but  non-virulent,  and 
eventually  die.  It  is  said  that  the  gonococcus  has  been  sut^^essfully  cul- 
tlvatdl  ujMjU  the  egg  of  the  pewit  and  upon  synovial  fluids.  Such  mwlia 
are  rarely  accessible,  and  Mill  not  meet  ready  acceptance.  Ui>on  the  former 
of  these  the  growth  is  said  to  ajipear  in  six  hours  and  to  spread  mpidly, 
forming  a  thin,  whitish,  transjmivnt  layer.  Bumm  succeeded  in  producing 
gonorrlicea  in  two  men  into  whose  urethra  he  introtlu^Td  these  c^ocku.  Their 
introduction  into  animals  is  without  result. 

Kroner*  examined  ninety-two  erases  of  ophthalmia  neonatorum  and 
found  the  gonoctx'C^us  *' with  per ft^ct  ease"  in  sixty-three  of  tli em.  In  other 
cases  it  was  difficult  to  find,  but  was  successfully  demonstrated.  Some  of 
the  cases  examined  were  without  the  organism.  His  experiments  were 
very  thorough,  for  he  also  investigated  the  vaginal  secretions  of  the 
mothers,  demonstrating  the  infectiug  organism  in  eighteen  out  of  twenty- 
one  whose  children  were  afiected  by  the  disease. 


'  Bench  t   tiber  die   Sitsiun^cn   der  gj'nakologisclicsn   Section   der  67. 
deutsche  Naturfurecher  und  Aerzte  zu  Mftgdeburg. 
Vol.  IL--34 
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Microeoccuii  Tdrageiius  (Kocli  and  GalFky).^ — ^Tliis  large  ooccua  is 
rather  a  rare  denrzeo  of  the  mucous  cavities  of  the  eye.  It  is  a  eotnmou 
organism  in  sputum,  Dot  only  in  tljat  coniin^i:  from  Hie  cavities  of  tubercular 
patient^,  but  also  in  that  of  most  pulmonary  diseases,  and  is  of  commun 
occurrence  iu  normal  saliva. 

The  coccus  is  of  large  size,  and,  while  without  any  definite  arrangement 
when  grown  iu  culture?,  shows  a  characteristic  grouping  when  found  in  the 
tissues  of  animals  which  have  succumbed  to  it.  In  the  tissues  it  is  rather 
rare  to  find  isolated  organisms  or  masses ;  the  genend  aiTangcment  i»  in 
tetmds,  sometimes  in  pail's,  less  frequently  in  triads.  These  small  groups 
are  surrounded  by  a  homogeneous^  gelatinous  capsule,  which  dc>es  not  take 
the  stain,  and  which  has  much  the  same  appearance  as  the  capsule  of  the 
bacillus  of  pneumonia. 

The  organism  is  very  easy  to  stain  with  the  ordinary  dyes,  and  makes 
beautiful  specimens  when  stained  by  Gramas  method. 

When  cultivateil,  the  organism  is  rather  luxuriant  in  its  development. 
The  colonies  appear  ujion  gelatin  as  small  whitish  dots,  and  soon  extend 
ujion  the  surface  as  porcelain-like,  projecting,  circular  masses.  Their 
growth  is  devoid  of  characteristics  and  does  not  alter  the  gehitin. 

In  puncture  cultures  in  gelatin  the  growth  occurs  along  the  whole 
puncture  as  whitisii,  spherical  masses.  No  liquefaction  occurs.  On  the 
surface  a  considerable  layer  forms. 

Upon  the  surface  of  agar-agar,  and  also  upon  bluod -serum,  the  growth 
forms  a  snnx>th,  shining,  white  layer  of  luxuriant  development.  The 
cultures  on  potato  form  a  thick,  slimy  layer,  which  w^hen  touched  \vith  the 
platinum  w^ire  is  adhesive  and  can  Ije  drawn  out  into  threads. 

The  organism  is  pathogenic  for  white  mice  and  guinea-pigs,  which  die 
in  from  three  to  four  days  of  a  general  septicaemia.  In  these  cases  the  or- 
ganisms are  found  in  the  blood  and  tissues* 

House-mice,  field-mice,  and  mbbits  seem  to  be  naturally  immune. 

Sarcina  Auraniiaca. — This  organism  is  found  ujkiu  the  normal  eonjuoo* 
tiva  as  an  accidentally  pi'eseut,  harmless,  rather  unusual  coccus.  It  is  also 
reported  as  occurring  in  trachoma,  again  accidentally,  by  Shongolowicz. 

It  is  one  of  the  forms  of  the  cocci  which  are  irregular  in  size,  and, 
dividing  in  three  directions,  give  rise  to  package  forms  which  may  be  com- 
pared to  l>ale5  of  cotton  tightly  bound  up.  In  staiiied  preparations  one  some- 
times finds  isolatetl  individuals,  more  fretpiently  pairs,  tetrads,  or  packages. 

The  organism  is  readily  separated  by  its  morphology  and  its  color. 

Upon  gelatin  plates  small,  spherical,  granular,  orange-yellow  colonies 
are  formed.     Liquefaction  liegins  about  them  rather  slowdy. 

In  gelatin  puncture  cultures  liquefaction  progresses  slowly  along  the 
line  of  inoculation.  When  the  liquefaction  is  complete,  a  yellow  precipi- 
tate accunudates  at  the  Ixittom  of  the  tulx?. 

On  agar-agar  the  growth  is  abundant,  moist,  and  shining,  devoid  of 
other  peculiarities  than  its  golden-yellow  color. 
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On  potato  the  growth  is  never  so  hixu  riant  as  uprin  agar.  It  is  slow  in 
development,  and  is  found  along  the  line  of  iuotiulation, 

SatTina  alba  (Eisenbf  rg)  lias  also  been  found  by  8hongolowic2  in  the 
'eyes  of  trachomatous  individuals. 

Tills  organism  forms  small,  wliite,  spherical  colonies  upon  gelatin  plates. 
In  gelatin  puncture  enkun.'?^  a  white  button-like  growth  occurs  at  the  sur- 
face near  the  puncture  and  t^i\^ers  it  like  a  nail-head.  The  growth  along 
the  puncture  is  slow,  and  liquefaction  comes  on  very  late. 

On  agar-agar  and  potxto  the  growth  takes  place  rather  slowly,  with  the 
formation  of  a  yellowish- white  layer,  spreading  slightly  from  the  line  of 
incK'ulation, 

Staph  i/heo^ciis  Cereus  Albm  (Passet). — Tliis  is  another  accidental  or- 
ganism whicli  Sbongolowicz  mentions  as  occurring  in  cases  of  trachoma 
which  he  invcsti^atwl. 

Tliese  cocci  arc  large,  measuring  as  mnch  as  1.15  ^  in  diameter.  They 
are  sometimes  found  isolated,  bnt  generally  occur  in  groups. 

The  colonies  are  said  to  attain  a  iliametcr  of  from  one  to  two  milli- 
metres ujKjn  gelatin  plates,  and  to  resemble  drops  of  stearine  or  wax. 

In  gelatin  puncture  cultures  a  gmy ish-white  mass  with  irregular 
thickener!  margins,  resembling  white  wax,  forms  upon  the  surface.  The 
growth  in  the  puncture  is  very  s<:'anty. 

On  agar-agar  and  potato  the  grow  th  is  a  dirty*white  layer  of  moderate 
thickness,  devoid  of  characteristic  features. 

Staph ylocoecus  PifogcncH  Aureu^i. — This  well-known  pathogenic,  pyo- 
genic organism  is  no  stranger  to  the  conjunctiva,  being  found  noi  only 
upon  that  membrane  in  the  c-atarrlial  atlec^tious,  but  also  occ^asionally  uiwn 
the  mirmal  membrane.  Tfic  fact  that  it  is  not  purely  jiarasitic,  but  is 
capable  of  life  as  a  saprophyte,  makes  it  a  pretty  constant  denizen  of  hos- 
pital and  infirmani'  atmospheres;  and,  as  the  micron irgan isms  which  are 
found  in  the  conjunctival  siic  are  those  w^hieh  accideutaily  idow  in  or  are 
rulibetl  in  by  the  fingers  and  handkerchief,  it  is  by  no  means  remarkable 
that  this — one  of  the  commonest — shonld  be  found  there\ 

AVe  have  sucecedeil  in  securing  from  conjunctivse  in  amditions  of  chronic 
inflammation  a  culture  so  virulent  as  to  kill  a  dog  in  forty -€»ight  hours.  It 
is  common  in  the  normal  eye,  but  generally  in  a  somewhat  attenuattn:!  ibrm. 
When  the  presence  of  this  organism  is  suspecteil  uj>on  the  conjunctiva,  aud 
gelatin  plates  or  dislies  are  prej^ared  from  a  drop  of  the  secretion,  the  colo- 
nies appear  as  small  white  dots  (Fick  says  they  look  like  drops  of  yellow 
cream) J  which  later  bciTjme  more  or  less  granular,  turn  yellow  in  the 
centre,  and  liquefy  with  great  rapidity,  so  that  in  forty-eight  or  seventy- 
two  hours  the  plate  Ijecomes  useless.  The  deep  colonies  are  flisiform  or 
"  wet  zstci  n  fij  rm  i  g. ' ' 

Gelatin  puncture  cultures  liquefy  with  rapidity,  a  long  funnel  being 
formed  in  from  tw^enty-four  to  forty-eight  hours,  and  Hquefaction  l>eing 
complete  in  six  days.     The  fluid  is  at  first  turbid,  but  later  becomes  clear 
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by  the  precipitation  of  the  suspended  particles,  which  form  a  membrane-like 
layer  upon  the  non-liquefiLHl  portion  of  the  gelatiu.  As  the  culture  cod- 
tinues  to  liquefy,  the  gelatin  recedes  irom  this  layer,  leaving  a  delicate,  filmy, 
ct)bweb-like  funnel  or  **  stocking''  susjx/ndtd  in  the  liquid.  This  becomes 
of  a  yellowish-**  golden"  color,  and  eventually  sinks  to  the  bottom  as  a 
precipitate.  Liquefaction  is  much  sIo%ver  in  slightly  acid  gelatin  than  in 
neutral  or  alkaline. 

Upon  agar-agar  development  is  not  luxuriant ;  it  occurs  along  the  stroke 
as  a  moist,  shining,  translutt-nt  layer,  at  first  of  a  grayish-yellow,  but  later 
becoming  dirty  **  goldeu"  color*  There  is  a  distinct  tendency  for  the 
colonies  making  up  this  growth  to  remain  isolatetl  or  to  become  only  jmrtly 
contluciit,  so  that  the  shape  of  the  growtli  is  irregular  and  waved  or  notchetl 
at  the  ixlges.  In  our  cultures  the  growth  on  agar-agar  never  attained  any 
considemble  raagnitude. 

Upon  potato  a  yellowish -orange  color  is  slowly  produced  at  the  temper- 
ature of  the  room,  the  growth  being  devoid  of  special  i>ecHdiarities. 

In  milk  a:>iigulatiou  is  prodncwl  and  lactic  and  butyric  acids  are  formed, 
so  that  litmus  if  added  is  reddened. 

Sternberg  states  that  cultures  may  be  kept  fi>r  a  year  if  frequently 
transplanted,  but  in  our  experience  this  is  acconiplished  with  difficulty. 
Our  cnltures  died  out  after  alxjut  three  months,  and  could  not  be  revived 
by  temjierature  or  sj:tecially  adapted  culture  mwtia* 

The  morphology  of  the  organism  is  not  characteristic.  The  indixHduals 
are  spherical,  from  0.7  to  0.9  /^  in  diameter,  very  seldom  ooc;urring  i.^ated, 
but  generally  in  ]>airs  or  irregular  groujis.  When  examined  under  very 
high  powers  under  the  l>est  conditions  of  staining,  the  organism  is  seen 
to  consist  of  two  liemisphcres  seiMirated  from  each  other  by  a  narrow  inter- 
vening space. 

It  stains  with  great  avidity,  and  retains  the  stain,  when  colored  by 
Gram*s  method,  perhaps  better  than  any  other  organism. 

Felser  found  this  organism  in  every  normal  conjunctival  sac  which  he 
examined.* 

Shongolowicz  found  tliis  organism  nine  times.  It  was  also  found  by 
Kuchafski,  Leber,  Beruheim,  Maitben,  and  Fick, 

Slaphylococens  Ptfogetn:s  AHjhs  (Rosenbach). — Tliis  micro-organism  is 
identical  with  the  preceding,  except  that  it  is  colorless  in  its  growth  and  is 
somewhat  less  {pathogenic.  Surfai-e  cultures  on  agar-agar  or  potato  have  a 
milk-white  color, 

Shongolowicz  found  this  orgai»ism  twelve  times. 

Staphylococcm  Epklenmdis  Aibiis  (Welch)  is  probably  identical  with  the 
preceding  species,  or  is  an  attenuated  form  of  the  same.  It  seems  to  be 
universal  in  its  distribution  upon  the  surface  of  the  body.     In  its  growth  it 


^  See  *^Zur  Frage  der  MlkroorganiflmeD  der  Antiiieptik  deft   CuujuncUva 
Vrach,  1889,  p.  850, 
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liquefies  gelatin  a  little  more  slowly  thaii  the  staphylococcus  pyogenes  albus, 
does  not  coagulate  milk,  aucl  when  injected  into  mbbits  is  far  lesa  virulent. 

Staph ^loeocciis  Fi/ogems  Citreus  (Fiii^set). — ^Tliis  form  of  staphyk>eoeous 
is  much  less  pathogenic  than  its  predecessors,  afid  seems  to  be  called  pyo- 
genes rather  because  of  its  association  with  the  others  than  because  of  auy 
distinct  pyogenic  properties  posseiised  by  itself  It  is  not  infrequently 
found  where  stapliyliieoceus  pyogenes  aureus  and  albus  ai'e  prt^f^iit,  and  its 
vegetation  characters  differ  principally  in  the  formation  of  a  brilliant  lemoa- 
yeJlow  color,  instead  of  the  orauge-goldeu  of  the  one  and  the  white  of  the 
other.  As  is  true  of  the  otljcrs,  this  pigment  is  formed  ordy  in  the  presence 
of  oxygen*     The  liquefaction  of  the  gelatin  is  slow, 

Sireptoeoccm  Pipf/rneH  (Fchleisc^u), — So  far  as  the  results  of  our  owti 
work  and  an  examination  of  the  literature  are  concerned,  we  have  not  been 
able  to  determine  that  thievery  virulent  organism  occurs  in  the  conjunctival 
area  except  in  eases  of  true  diplithcritic  inflaramatton,  when  it  is  a  constant 
associate  of  the  Klebs-LdiHcr  ImcilluSj  and  in  facial  erysipelas  spreading  to 
the  eye.  It  may  be  that  under  these  circumstances  tlicre  are  two  distinct 
forms  which  occur,  that  in  diphtheria  being  the  stre|>tixm'cus  pyogenes,  that 
in  erysipelas  the  streptoeoecus  erysipclatos.  This  is  the  view  held  by  Von 
Lingelsheira,  who  differentiates  the  two  forms  by  their  difference  in  patho- 
genesis, the  streptococcus  erysipelatos  being  pathogenic  for  mioe^  while  the 
streptococcus  pyogenes  is  not.  There  is  nothing  in  the  morphology  of  the 
indivithials  or  in  their  %'egetation  which  will  enable  them  to  beditlerenttated. 

Under  the  micros^i-ope  the  streptococcus  pyogenes  appears  as  a  small 
spherical  individual  from  0.4  to  1  /^  in  diameter,  the  individuals  being 
arrangctl  in  chains,  varying  in  length  according  to  the  culture  material  upon 
w^hieh  they  were  grown.  Sometimes,  instead  of  these  chains,  no  form  ex- 
cept diplococc*i  can  be  found.  Isolated  individuals  are  rare.  Sometimea 
only  chains  are  formed,  which  may  consist  of  from  four  to  twenty  indi- 
viduals. WTicn  seiii  in  sections,  or  in  cover-glass  preparations  from  the 
conjunctiva,  or  from  the  serum  of  an  erysipelatous  patch,  the  organisms 
ap|>ear  to  lie  more  freipiently  between  than  witliiu  the  cells,  and  arc  most 
numcrons  iu  the  lymph -sjxices. 

The  vegt^tative  projx^rties  of  this  individual  are  good.  It  grows  not 
only  at  the  temperature  of  the  l>r>tly^  but  also  at  the  temperature  of  the 
room,  upon  almost  all  culture  me<lia. 

When  a  drop  of  secretion  containing  this  organism  is  mixed  with  melted 
gelatin  and  "plated/'  the  colonies  wdiich  apixar  are  ypry  small  and  trans- 
lucent. The  supcTficiid  colonies  spread  out  t4>  form  a  trans|>arent  disk  about 
.0005  it*  in  diameter.  The  colonies  appear  slightly  granular  wdien  examined 
with  the  microscoj>e,  and  are  slightly  yellowish  in  color.  Later  they  become 
darker  and  less  transparent,  and  irregular  masses  consisting  of  chains  of 
organisms  project  from  the  edges. 

In  gelatin  punctures  the  <M>lonies  spring  up  along  the  wiiole  length 
of  the  puncture  as  small,  spherical,  translucent,  whitish  colonies,  which  are 
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dcHclr  €fowded  togecher  it  the  upper  portico  of  the  line  of  growth,  and 
oAoi  distiiiotlj  sepanited  from  each  other  below*  There  ts  no  groiiih  ou 
the  wmrtnott  or  a  smadl  eollectioQ  of  amalgamate  ojlouies  may  U^  pre^nt 
The  gdattn  is  not  liqueBed. 

On  a^r-agar  and  blood-^nim  the  growth  i&  &iiutlar  to  that  on  gektin* 

It  does  not  seem  to  grow  on  potato* 

Milk  is  coagulated  bv  the  growth  of  this  eooeiis,  and  a  slight  acidity 
festdta. 

This  organism  was  fomid  in  cases  of  catarrhal  coujuncttvitis  bv  Ku* 
efaarski. 

Parinaud^  says  that  microscopical  examination  of  cases  of  oonjuao- 
tivitis  made  by  Morax  showed  the  presence  of  streptococci. 

The  Micro- Oiyanimi  o/  Traehoma. — ^The  question  of  specificity  in  tra- 
choma is  indeed  a  weighty  one.  Perhaps  no  coryunetival  k*8ion  has  been 
subjected  to  more  investigation  with  less  accurate  result  than  this.  While 
at  one  time  all  observers  were  well  satisfied  that  there  was  a  ^*  trachoma- 
cxxjcus,"  the  lapse  of  time  and  the  weight  of  tx)nnter-evidenoe  have  sufficed 
to  make  verj'  questionable  tlie  specific  nature  of  the  various  described  organ- 
isms. 

The  subject  of  mycology  in  trachoma  is  one  very  difficult  to  approach 
111  a  paper  of  this  kind^  because  we  do  not  ainsider  diseases,  but  micro- 
organisms. As,  however,  so  many  different  or^nif^ms  must  be  separatdy 
described,  each  headed  the  **  traclioma-eoccus"  or  the  "  tnichoma-bacilius," 
it  has  seemed  better  to  treat  the  whole  subject  as  one,  and,  while  endeavoring 
to  point  out  the  errors  into  which  the  various  experimenters  have  faUeii^  to 
describe  such  Imcteria  as  are  sufficiently  chamcteriised  by  thera.  As  seems 
universal  in  work  upon  special  subjects  by  men  who  are  not  bacteriologists., 
a  multiplicity  of  organisms  have  arisen  from  inaccui-acy  and  insufficiency  of 
description,  which  simply  bewilder  the  reader,  who  l.>ecoraes  more  and  more 
confusetl  as  each  writer  not  only  summarizes  the  work  done  by  his  prede- 
cessrirs,  but  eoucludes  l>y  adding  a  new  one  of  his  own. 

The  first  Iractcriologitnl  **  arbeit  ■  *  u]Ton  trachoma  seems  to  have  been  done 
by  SatthT,'  who  found  small  ctx^^i  of  btst^uit  shape,  joined  in  paim,  brit 
separated  from  each  other  by  an  intervening  siiace,  and  in  size  and  apj^ear- 
ance  much  resembling  the  micrococcus  gouorrhoefle.  Sometimes  tlie  organ- 
isms formed  groups  of  three  or  finir.  They  never  touchetl  eat*h  other,  being 
always  separated  from  their  neighbors  by  a  clear  gelatinous  durmundiog 
jEone.     lu  the  living  state  they  were  seen  to  be  in  continual  movement. 

Tills  organism,  when  enltivateii,  grows  very  slowly  upon  nutrient  gelatio 
•at  the  room  temperature,  producing  uo  liquefaction.     Upon  the  surfaces 
gniyish-white,  glistening  layer  is  formed,  vvlMch  later  assumes  a  yellowish 
color  and  tulip*sliaped  margins. 

'Ann,  d'OcuL,  Paris,  1892,  cvii.  88-92, 

•Berlcht  utwrdm  XII.  Versftmifilung  der  Opbthiilmol.  Ge^lbclifta,  188L 
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Spherical  ci»lonies  are  fornjed  alou^  the  line  of  puncture,  arranged  m  a 
linear  series  like  a  chaplct.  In  blatHl-Hernin  it  ^rows  along  the  line  of  |>uuc- 
ture  as  a  white,  Ijand-Hke  stripe,  whicJi  sabsecjuently  spreads  out  in  the  form 
of  white  clouds.  The  growtli  is  more  rapid  at  the  temperature  of  the  brMly 
than  at  that  of  the  room.  Upon  jwtato  the  growth  is  very  scanty.  When 
touched  with  the  platinum  wire  the  eultnres  are  viscid,  drawing  out  into 
long  threads.  The  organism  does  not  grow  in  the  absence  of  oxygen.  It 
is  not  pathogenic  ibr  animals.  This  organism  desorilx*d  by  8attler,  though 
it  rej^ienibles  the  gonocociais,  is  certainly  a  different  organism^  Baunigarten 
and  also  Kartulis  liave  taken  exception  to  its  specific  action,  by  showing  that 
it  is  absent  in  many  cases  of  ordinary  trachoma  and  in  cases  of  the  virulent 
ophthalmia  of  Egypt, 

While  in  Egypt,  in  1882-83,  Koch  paid  some  attention  to  the  opiitlial- 
mia  prevalent  there^and  in  his  *'  Bericht  der  deutsehen  Cholera  Commission 
in  Aegypten  und  Suez'*  ^  he  reports  that  his  cultivation  experiments  from  the 
conjunctivae  of  these  cases  discovei^ed  tlie  presence  of  the  gonocoa?ua  and  a 
tiny  Wnllus. 

Michel^  found  in  numerous  cases  of  Egyptian  catarrh  a  dipltx^xxjus 
much  re^mbling  the  gonococcus,  but  smaller.  It  stained  well  by  the 
usual  methods,  as  also  by  Gram*s  method.  In  studying  sections  of  the 
eyelids  he  was  able  to  find  the  cocci  in  the  contents  of  the  follicles  only, 
never  in  the  epithelial  (x^lls. 

When  secured  in  pure  culture,  these  cocci  formed  upon  the  surface  of 
blood -serum  or  agar-agar  a  grayish -white  thread-like  skin.  By  and  by 
this  changed  to  a  regular  stripe,  turning  yellowish  as  it  grew  older. 

Upon  gelatin  there  was  a  whitish  surface-growth  with  slow  liquefaction, 
which  allowed  the  gelatin  to  shrink  up  into  a  tulip  shape.  When  the 
growth  was  sufficiently  advanced  for  this,  it  also  l>ecame  yellowish  in 
color.  Michel  affirmed  that,  while  cultures  and  direct  inoculations  into 
animals  were  fruitless  in  producing  the  disease,  inoculations  into  the  human 
eye  pnxluceil  granules  containing  tlie  cocx^i. 

While  both  of  these  obser^^ers  were  in  accord  as  to  the  shape  and  size  of 
tlie  organisms  found  by  them,  the  former  alone  mentions  the  transparent 
encapsulating  substance  which  was  so  characteristic  of  hi8,  while  the  latter 
alone  was  successful  in  his  inoculations. 

Silimidt^  diffi*!^  again,  aud  continually  fi>und  in  the  secretions 
small,  ]>erfectly  round,  isolated  crHxi,  without  a  dividing  septum,  sur- 
roundtH:l  by  a  clear  gelatinous  area,  and  resembling  the  staphylococcus 
pyogenes  aureus.  They  occurred  free  and  also  in  the  protoplasm  of  the 
epithelial  cells.  In  this  ermnection  let  us  point  out  that  the  morphology 
of  the  staphylococcus  pyogenes  aureus  is  now  well  known  to  be  exactly  that 

1  8e«  Wiener  Med.  Wochemctirift,  1888,  p,  166a 
*8«e  Aivhiv  f.  Augenheilk.,  Bd.  xvi.,  188fJ. 

•  BiBBert.  St.  Petersburg^  1887,  Ueber  dm  Mlkrot^pganiflmen  bei  den  Tracham  und 
einigen  anderen  mykotlsclien  Kranklieiten  der  Bitidehaut  dea  Auges. 
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which  iSchmklt  rejects.  His  assertion  that  in  th^e  organiema  there  was  no 
dividing  st*ptuni  exactly  contradicts  his  subsequent  statement  that  thev 
were  like  the  staphyloeiXM?us  pyogenes  anreus.  It  is  also  well  to  note  that 
Pinto  ^  could  Dot  fiml  any  bat'teria  in  sections  of  the  conjunctiva  which  he 
studied  j  Michel  found  them  only  in  the  follicular  eootents,  never  in  the 
epithelioui ;  while  Schmidt  fiiund  them  free  as  well  as  in  the  epithelial  cells, 

St^hmidt^s  coo^us,  whicli  he  seems  to  regard  as  identical  wnth  that  of 
Sattler,  atid  as  the  cause  of  trachoma,  is  characterized  by  its  size,  its  alight 
motility  J  the  gnulual  liquefaction  and  tough  consistence  of  the  gelatin,  and 
the  occurrence  of  gray  or  milk-white  siwts  on  blcx»il-serum  or  agar-agar. 
The  liquefaction  of  the  gelatiu  comes  on  late.  The  development  of  the 
organism  is  more  rapid  at  the  body  temiierature  than  at  the  room  tempera- 
ture. 

ScJimidt  found  that  the  organisms  which  he  observed  readily  induced 
trachoma  in  birds,  which  were  very  susceptible,  but  that  mammals  con- 
tracted ttie  disease  ouly  after  numerous  repeated  inoculations. 

Schmidt*s  studies  were  thorough^  comprising  sixty-three  cases^  in  forty* 
nine  of  which  thia  coccus  w*as  found. 

Even  if  w^e  conclude  that  Schmidt's  observations  ujion  the  moq^holngr 
of  his  coccus  were  ina^x^urate,  and  that  it  was  of  the  characteristic  biscuit 
form,  other  characters  will  exclude  it  from  the  sarae  class  as  its  predecessors, 

Kucharski '  investigated  twenty-six  cases  of  trachoma  and  found 
numerous  bacteria,  among  which  were  staphylococcus  pyogenes  aureits, 
bacillus  suhtilis,  Ijacillus  niesentericus  vulgatus.  When  these  accidental 
organisms  were  excluded,  his  cultures  all  showed  one  characteristic  organ- 
ism. This  organism  was  a  diploeoccus  of  the  size  and  shai>e  of  the  gont>- 
coccuSj  possessetl  of  a  **  springing  movement.^-  Sometimt^  it  was  seen  to 
occur  singly,  sometimes  in  groups ;  sometimes  short  chaius  w^ere  formcti, 
sometimes  a  figui*e  8.    They  |>osscssetl  a  strong  affinity  for  the  aniline  dyes. 

When  inoculated  u|>on  the  surface  of  agar-agar,  very  small  grayish 
spots  were  seen  to  develop  in  twenty-four  hours.  These  increased  in  size 
as  time  passed  on,  took  on  a  shining  white  {^lor,  and  coalesce*!  to  form  a 
thick  white  film.  The  agar  punctui-es  showed  narrow  grayish -white  streaks* 
In  tlie  water  of  condensation  there  was  visible  a  slight  cloudiness,  and  at 
the  bottom  of  the  liquid  a  whitish  sediment  was  visible.  If  the  culture 
be  kept  for  t\vo  or  three  months  it  becomes  grayish  or  slightly  yellowish. 
In  four  months  the  growth  ceases,  and  eaunut  be  revive<l  by  in<j<*ulati^>n. 

In  gelatin  pimetures  a  depression  occurs  on  the  surface,  and  along  the 
path  of  the  neeille  numerous  little  8tnj>es  can  be  seen  without  a  lens. 

In  six  or  seven  days  a  distinct  whitish  membrane  can  be  seen  upon  the 
siu-face,  which  increases  until  nearly  the  whole  surface  is  included.     This 


1  C^^ntrtilk  f.  Prakt.  Amgenheilk.,  1884,  p,  07. 
^  Bakteriologiscbes  ub^r  Tracliom,  Cenimlb. 
p.  225. 


L  Fmkt.  Augenheilkunde,    1887,  u. 
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is  folio wchI  by  di'prL»t58ion»  At  the  same  time  the  growth  oc^cars  in  the 
puncture  as  grayish  spots.  The  gelatin  litjoefies  very  slowly,  in  the  furni 
of  a  goblet  In  fonr  weeks  the  whole  of  the  gelatin  is  liquefied,  appearing 
as  a  ehmdy  mass*  This  organism  differs  from  the  org-anisms  previously 
described  by  this  goblet-shafted  liquelaetion  of  the  gelatin,  which  progressee 
until  complete. 

Upon  blood-serum  the  growth  apjK^ans  first  as  white  colonies,  which 
subsecjuentty  flow  together  to  form  a  |>ellicle. 

On  |j<)tato  the  gniwth  is  slow,  and  ocY-urs  as  white  spots. 

In  bouillon  the  growtli  is  rapid,  and  eauses  turbidity  of  the  raediiim^ 
with  considerable  precipitatioo. 

The  colonies  are  simple  whitish,  shining  drops,  characterized  by  perma- 
nent solidity  of  the  gelatin. 

The  organism  is  devoid  of  pathogenic  properties- 

The  work  of  Kucharski  was  executed  with  a  rare  which  that  of  his 
predecessors  lac^ked.  The  description  af  his  coccus  is  thorough  and  excel- 
lent. Unfortunately,  while  it  did  not  seem  specific,  he  CHjneluded  to  add 
it  to  the  literatui-e  of  trachoma. 

GoIdst*hmidt*s'  coccus  t^rresp>nds  verj'  closely  to  that  of  Michel,  form- 
ing the  tulip-like  growth  in  gelatin,  and  not  causing  liquefaction  of  that 
medium. 

Very  remarkable  results  w^ere  attained  by  Washejewski,^  who  studied 
thirty  cases  of  trachoma  in  its  various  stages.  He  found  single  cocci  and 
groups  of  cocci  enclose<l  in  the  lymphoid  cells,  the  red  blood-corpuscks^ 
and  the  epithelial  cells.  He  was  unable  to  find  any  other  organisms. 
At  this  point  we  must  remark  that,  while  most  observer  find  cckxji  much 
more  frecpicntly  tliau  bacilli  on  the  conjunctival  surface,  bacilli  are  present 
sometimes  in  considerable  numbers.  To  confirm  this  statement,  see  the 
long  list  of  bacilli  which  this  paper  coutains. 

The  cocci  tluis  f5jund  enclosed  in  the  cells  resembled  the  gonococcus, 
but  were  successfully  cultivated  upon  gelatin.  Thirty -six  hours  after  gela- 
tin was  inoculateil  a  w^hitish  streak  occupies  1  its  surface  and  continued  to 
increase  in  size  for  four  days  and  became  grayish  in  color.  The  gelatin 
softened,  hut  did  not  liquety.  In  tour  weeks  the  color  b<.H.^me  slightly 
yellow,  this  aAor  being  nu^st  pronounced  on  agar-agar.  All  attempts  to 
produce  trachoma  by  inoculatiug  animals  with  this  organism  failed. 

Exactly  what  Washcjcwski  did  see  cannot  be  made  out  from  this 
description,  nor  can  w^e  tell  wdiether  or  not  it  was  one  of  the  organisms 
previously  described.     At  all  events,  it  is  not  specific  for  trachoma, 

Staderini^  found  a  coccus  much  like  the  ccKX/i  already  described.  Its 
morphology  w*a^  verj-  similar  to  that  of  the  gonocxjocus;  it  grew — w^ith 

J  Zm  Aetblcjgte  des  Tmehonis,  Centralb.  f.  Klin.  Med.,  1887,  No.  18. 
'  Zur  Aetiolugk*  und  Tlienipie  ties  Trachorik*.  Wojenno-med.  Shumal,  1B87,  October, 
'  Eichenche  gulla  istologift  e  sulk  ptttos:cjjeati  della  conjuni'tivilc  tracboomtosa,  An- 
nali  di  Gtt&lmologia,  1 888, 
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the  production  first  of  a  grayish,  tlien  a  yellowish  layer — on  agar-agar  and 
liquefied  gelatin.  Baunigarten  investigated  this  organisnij  aud  could  not 
see  that  it  differed  from  the  staphyloeoecus  pyogenes  aureus. 

Wittram  *  endeavored  to  convert  the  chaos  into  order.  After  the  st4idy 
of  tliirty-nine  cases  of  trachoma,  and  the  disooveiy  of  oocci  similar  to  those  of 
pRn'ioiis  authors,  he  succeeded  in  sejiarating  the  reported  organisms  into — 

1.  A  milk-white  coccus  which  did  not  liquefy  gelatin. 

2.  A  milk*white  coccus  which  did  liquefv  gelatin  sooner  or  later, 

3.  An  arange-yelltiw,  non-liquefving  coccus. 

4.  A  yellow  coccus  which  liquefied  in  two  days. 

As  far  as  he  could  determine,  inoculation  experiments  were  all  negative 
in  their  results. 

Shougolowicz '  introduced  an  interesting  innovation  in  the  etiology  of 
tniehoma  by  describing  a  specific  l^aeillus  which  he  fijund  in  fteven  out  of 
nmncnjus  tuses  which  he  studied.  His  work,  to  which  an  excellent  literary 
review  is  attach*^,  seems  to  have  been  carefully  done,  and  the  description 
of  his  bacillus  is  very  complete. 

The  Iwicilhis  is  characterized  by  its  exceeiiingly  slow  growth.  Shongo- 
lowicz  toijk  note  of  this  in  securing  it  in  pui-e  eultum,  which  was  done  by 
Bpreading  material  from  the  follicles  upon  the  surface  of  culture  media  and 
allowing  tln.^  tulies  to  stand  for  ten  days.  If  at  the  expiration  of  this 
tiuK'  the  tubes  continued  sterile,  new  tulx»s  were  inoculated  from  the  nm- 
terinl  in  the  first,  and  stoixi  in  the  thermostat  at  37*^  C.  Sometimes  no 
gnvwth  could  be  made  out,  even  with  a  lens,  for  four  weeks.  When  this 
slow  and  delicate  growth  appeared,  it  could  be  noted  only  as  a  slight  dis- 
coloration upon  tlie  surface  of  the  agar-agar  and  a  small  grayish  or  yellow- 
i8h-gray  prei'i]Htate  iu  the  water  of  condensation* 

Upon  lilotxl-sernm  it  was  possible  to  discover  it  only  after  the  lapse  of 
thrw  months^  when  grayish-white  colonies  gave  its  surface  a  slight  change 
of  «H>Ior, 

In  gelatin  the  growth  varied  according  to  the  percentage  of  gelatin 
nmtl.  In  five-[Kfrcent.  gelatin  it  a[>]H?ared  along  the  puncture  at  the  room 
trinjK^ratui'e  in  forty -eight  hours.  Single  delicate  white  spots,  scarcely  per- 
n'ptiblc  to  the  lens,  are  first  found.  These  gradually  increase  in  height 
imd  breadth,  and  in  eight  or  ten  days  reacii  a  diameter  of  five  millimetres, 
iuhI  have  a  white  color  with  a  yellowish  tinge,  irregular  borders,  and  gran- 
-llhir  Kurfare.  Ri-aeath  the  growth  the  gelatin  is  absorbed  and  a  hemi- 
Piiphcrifnl  dt/epcni  ng  occurs.  The  gelatin,  however,  riever  fifptejit'^.  The 
onltun.^  grows  very  slowly  along  the  line  of  inoculation,  and  even  after  a 
month  the  individual,  spherical,  grayish-white  colonies  are  scarcely  visible 
to  tlie  naked  eye. 


•  B^ktcriologiftclie  Beitrage  zur  Aetiologio  des  Tnichums,  Diss.,  Dorpat.  1889. 
•81,  rrt«>rt»bui^^r  Med,  Wochwscbrift,  1890,  N.  F.,  Bd.  7,  p.  247,  Zur  Fmg«  yoa 
iStiui  MikrLK»r^iiidamuii  do&  Tmchimis. 
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In  ten-per-cent.  gelatin  the  growth  is  also  verj'  slow.  Along  the  stroke 
a  granular,  transluoent  streak  forms.  The  growth  is  elevated  above  the 
siirfaee,  but  appeal*??  depre&sed,  because  of  the  absorption  of  the  gelatin 
beneath  it* 

On  the  surface  of  agar*agar,  in  two  or  three  days,  isolated,  small, 
shining,  delicate  plates  are  formed.  These  ap^iear  whitish  by  transmitted 
light,  and  grayish  with  a  greenish -yellow  tinge  by  i^eflected  light.  In  the 
course  of  development,  nearly  the  whole  surface  is  covert^l  with  a  thin 
layer  of  tlie  culture  of  the  same  color,  having  on  the  jieriphery  single  dot- 
like plates.  Along  the  stroke  a  tliick  layer  of  tlie  culture  with  a  distinctly 
greenish-yellow  color  forms.  The  whole  surface  takes  on  a  mother-of-pearl 
ap|>ea  ranee* 

The  masses  formed  upon  agar-agar  are  difficult  to  remove  with  the 
platinum  wire.  If  the  surface  of  the  agar-agar  is  dry,  the  culture  does 
not  sprejid  as  descrilje+l  al>ove,  but  occurs  only  along  the  stroke. 

In  bouillon  the  growth  is  slow.  No  judgment  of  it  can  be  formed  in 
less  than  two  weeks. 

On  jxitato  the  growth  is  very  scanty,  and  possesses  much  the  same 
characters  as  the  agar-agar  cultures. 

The  growth  of  the  culture  is  as  rapid  at  the  room  temperature  as 
in  the  thermostat.  When  the  oxygen  is  removed  the  bacillus  will  not 
grow. 

In  the  hanging  drop  the  bacilli  are  found  to  possess  a  rapid  locomotive 
power,  They  are  not  infrequently  united  at  their  ends,  and  sometimes  lie 
parallel  to  each  other.  They  never  form  chains.  A  characteristic  peculi- 
arity is  a  condensation  of  protoplasm  ot  the  ends,  which  makes  the  organ- 
isms appear  more  distinctly  retracting  at  this  point  than  elsewhere.  The 
ends  are  rounded. 

The  organism  stains  in  a  rather  characteristic  manner,  the  condensed 
ends  appropriating  more  of  the  stain  than  the  rest  of  the  protoplasm.  It 
stains  well  by  Gram's  method. 

Careful  measurements  show  the  length  of  the  bacillus  to  vary  from 
0.75  to  2.0  /i,  with  a  breadth  varying  from  0.3  to  0.6  f^. 

Inoculation  of  pure  cultures  of  this  bacillus  under  the  skin  of  two 
white  mice,  one  guinea-pig,  and  one  rabbit  gave  no  results. 

Sixteen  inoculations  of  pure  cultures  of  the  bacillus  upon  the  coojunc- 
tivBB  of  five  rabbits,  two  dogs,  four  pigeons,  one  guinea-pig,  two  white 
mice,  and  two  cats  were  all  productive,  not  of  trachoma,  hot  of  a  some- 
what similar  disease,  Shongolowicz  concludes  from  this  that  his  results 
were  better  than  those  of  previous  writers. 

Our  review  of  this  subject  may  as  well  end  here.  We  have  shown 
that  a  variety  of  different  organisms  have  Ijcen  described  as  sj^ecific  of 
trachoma,  but  we  have  also  shown  that  none  of  them  have  stood  the 
Severe  teats  of  s}5ecificity  laid  down  by  Koch, 

Some  of  the  described  organisms  seem  to  be  true  gonocooci ;  some  are 
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undoubtedly  the  staphylooood  pyogenes  aureus  and  albus.  The  bacilli  a 
probably  accidental  coDtaminating  organisms. 

At  the  present  moment  we  have  no  reason  for  r^arding  any  bactei 
as  specific  for  trachoma.  There  seems,  however,  to  be  a  pretty  well  esta 
lished  connection  between  trachoma  and  gonorrhoea,  and  it  is  not  improl 
ble  that  the  rdle  played  by  the  gonococcus  is  of  more  importance  in  t 
etiology  of  trachoma  than  is  generally  supposed. 

Our  own  experiments  not  having  extended  into  trachoma  very  deep 
and  having  revealed  a  variety  of  organisms — among  them  the  bacillus  v 
laceus  fuscus — in  such  cases  as  were  studied,  we  do  not  feel  able  to  spc 
authoritatively  upon  so  important  a  subject,  but  refer  the  reader  to  i 
thorough  treatises  to  be  found  in  this  and  other  works. 
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Westien's,  58. 
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Cocaine,  action  of.  m  a  mydriatie,  B9,  40.                       ^^H 

Oppenbeimer'f  table  of,  437. 

atropine  with,  3'i.                                                  ^^H 

TroneMsau'§  table  of.  4:U, 

Cooci  of  puit,  4^9.                                                                 ^^H 

«f  eoiig«niU]  blindneM.  U9. 

Cocci  an  V  ophthalmoeetipe,  68.                                     ^^^^M 

Ceotrnd,  149. 

ortho^ope.                                                            ^^^^H 

Ryatem,  150. 

Cobn'e  embroidery  patternsi  .^4S.                                    ^^^H 

Central  artery  of  the  retina,  B6, 

te^t-type^,  26.                                                                 ^^M 

visual  field  in  enibolifm  of  the,  220, 

Collie uluA  anterior,  284,                                                         ^^H 

221. 

Coloboma.  ehurioida],  85,  216.                                           ^^H 

oolor-ieotorna,  test  for,  ,*t4H, 

a«  a  en u!(e  of  congenital  blindoess,  430.           ^^| 

relaiiaitig  «yphilitk  retinitb,  visail  field  in, 

viiiual  field  in,  216.                                                ^^H 

congenitAl,  blind  !»pot  in,  201.                                    ^^H 

iO«t<)ina,  197, 

extra-papillary,  vtj^uat  tiold  in.  2 It),                           ^^H 

alwolute,  197,  198, 

of  thv  iriii  as  a  caiue  of  eougenitiLl  blind-           ^^H 

indis^tinat.  197, 

neafi,  4B9.                                                                  ^H 

nejpative,  198, 

^^M 

nf  fatigue,  199. 

Colomiatli,  bacillus  of.  494,                                                 ^^H 

ptw*ilive,  !9H. 

Colur-blindrie>«f),  ace i den ta  due  to,  328.                              ^^^| 

relative,  198. 

afMjalnnl.  ,H23.                                                         ^^H 

veina  of  the  retina,  8<J. 

ainnestic,  30 K                                                           ^^H 

pul!*ati4Hi  of  the,  86, 

Chibret's  inertrunivnt  in  te«ting  for,  351.             ^^H 

rUual  aunity,  lUt. 

congenital,  rrlation  of,  to  beredily  and           ^^H 

relation  of,  in  temporary  hemianop- 

n;x,  322.                                                     ^H 

;                                                  Bin,  276, 

ilatintiee  of,  325.                                           ^H 

to   the  aefecU  of  Ihe  visual 

lesti  for.  330.                                                  ^H 

Held  in  dbeuei  of  the  optic 

dangert  of,  326.                                                 ^^H 

ncfve,  240, 

partial,  317,                                                      ^H 
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Conatruction  of  sehool-boildmg!,  38S,                      ^^M 

^^^^                        Beat  of,  326. 

Contra«ttng  images,   todttoed,   in  beCeropbori%    ^^H 

^^^H                        total,  aid,  3S2. 

^H 

^^^H                 -ceDlre, 

Contasioni  of  the  eye,  tIbiuI  field  in,  22S,  224,    ^^V 

^^^H 

22d,  226.                                                                          m 

^^^^^H                 -iguo ranee,  321. 

Conafl,  congenital,  Tiiual  field  in,  211.                               1 

^^^^H                'limits,  relatlMD  of,  2(15,  301^. 

enlarged,  diagnofia  of,  from  op>aque  nerre-           1 

^^^^H                                 between  wbitti  mnd,  200. 

fibres,  84.                                                                  ■ 

^^^^H                peripheral  fii^hl^  of,  perimetric  teat  of,  S4S. 

Convergence,  power  of,  182.                                             1 

^^^^^H                  pheaoruena,  tiri»matii\  14:*^. 

Convergent  ttrabii ma9,  blnocutar  field  of  rinon           1 

^^^^H                 -eootiHiia,  tc.<«t  for  eentral,  343. 

in,  212.                                                                            M 

^^^^H                 -sen»e^  Cartcr*c$  tc«it  for,  345. 

Oore^pace,  the,  255.                                                        ^^H 

^^^^H                          Doadera'a  t<K(t  t'oTf  343. 

Cornea,  artifieial  af tigmatie,  in  th«  ophthalttiocD-    ^^H 

^^^^H                        Oliver's  test  for,  345* 

etor,  119.                                                             ^^M 

^^^^^H                          riMiuoed,  317, 

diM!ft.se»  nf  the,  a  caune  of  hliodnesa,  446.                 1 

^^^^F                -stick,  Thomnon'i,  33ft. 

ophthalixtometry  of   different    part«   of  thm           1 
nntcrior  surface  of  the,  129,                              1 

^                         -tttblt?,  DttAo'*,  342. 

^H                                  ReuM'f,  343. 

of  the  po^erior  surface  of  the,  1S4, 136^          M 

^H                  Colored  cylinders,  Badari^  343. 

1.16,  137.                                                    ^M 

^^H                  Colorft,  luateblDg  of,  321. 

etaphyloma  of  the.  Uten^I  illonitnation  in,    ^^H 

^^M                         tiamiiigof,  330, 

^M 

^H                         of  i^igiinU,  cbafige  of  tbe,  328. 

Corneal  astigmati^mp  diagrammatic  represent**           V 

^^1                 Combioed  u.«e  of  the  opbtbalmoBOope  and  the 

tion  of,  132,  133,  131.                                              ■ 

^^1                      magnifying  glass,  56. 

leucomata,  detection  of,  H],                                  ^^^M 

^^M                 Coneave  and  plane  mirrors  in  skiaaoopj,  relative 

loupe,  binocular,  49.                                             ^^H 

^^^^                      advantages  of,  106«  107. 

microscope.  49,                                                        ^^H 

^^^^^^                  mirror  in  latfiral  llIuDiinaliou,  4$^. 

binoenlar,  Aabort'i,  60,  61.                         ^^H 

^^^^^K                         in  dkiadtiiipy,  applieatiun  of,  103. 

de  Wecker'9,  60.                                            ^^M 

^^^^^^^^^^                                to  aberration,  tOfi. 

Gayet*s,  60.                                                   ^^M 

^^^^^^^H                              to  QRimetropia, 

Lieb retch's,  60.                                          ^^H 

^^^^^^^H                               tu  hyperopia,  104. 

ulcers,  notion  of  myotics  in,  46.                        ^^H 

^^^^^^^H                               to  irregular  fui^tigmatiam^  106. 

detection  of,  81.                                                     V 

^^^^^^^~                                    myopia, 

Comu,  descending,  of  the  lateral  Tenirick,  207.            J 

^^^^^^^                                        to  regular  a;§tigmatiam,  105. 

Corpora  quadrigcuitna,  296.                                           ^^fl 

^^f                Conoofnitant  soiiint,  172. 

^^^^_           €oDgeaital  atiiblyf>pia  aa  a  cause  of  congenital 

Corpus  gen ieul stum  externum,  284,  294,  296.          ^^H 

lentlculare,  2S4.                                                         ^^^ 

^^^^B                       blindness,  i'6\K 

Corrcci  and  faulty  sitting,  principles  of,  398,           ^^^ 

^^^^H                  anomaliod  nod  bereditarj  prediapoaitlon  In 

Corrosive  sublimate,  eserine  with,  46.                        ^^H 

^^^^B                      the  form  of  the  eyeball,  362. 

Cortical  hemianonjna,  298.                                            ^^H 
retina,  the.  299.                                                    ^^M 

^^^^H^                blindneaSf  CAu^^ea  of,'  439. 

^^^^^^-                        albinism. 

Creosol  in  autieepais,  472.                                             ^^H 

^^^^^^^H^ 

Cret6  prismc  mooile,  164.                                               ^^H 
Cribriform  Held  of  vision,  2(^3.                                    ^^1 

^^^^^^V 

^^^^^^^H                       chorioido-retinitiE^,  441. 

Cn>seed  bundle  of  the  optic  nerre,  241,  242. 

^^^^^^H                       coloboma  of  the  chorioid,  439. 

dorsal  portion  of,  241,  242. 

ventral  portion  of,  24 1.  242. 
macular,  dorsal  portion  of,  241. 

^^^^^H                               of 

^^^^^^^H                       congenital  amblyopia,  439. 

^^^^^^1 

ventral  portion  of,  241. 

^^^^^^^H                      consanguinity,  441. 

Crystalline  lenft,ophtbalnjomotry  of  the,  138,139, 

^^^^^H                       heredity,  439*,  440. 

Cuneus,  2^4,  298. 

^^^^^H                       irit»,  441. 

Cupping  of  the  disk,  oongeniUl,  84. 

^^^^H                      keratitis,  440. 

Curriculum,  modified,  in  schools,  379, 

^^^^^^1 

Cutaneous  system,  diseases  of,  a  oattse  of  bllnd- 

^^^^^^H                       m  ic  rr>pb  t  b  dlmi  a^  439 . 

ness,  452.                                                                 ^M 

^^^^^^^H 

Cyclitht  a  oanse  of  blindness,  446.                            ^H 

^^^^^^^^B                      pcr^ibteiiec  of  pupillary  metDbrane, 

Cylinders,  colored,  Badal's,  343.                                ^^H 

^^^^^B 

Cxormak'a  orthoioope,  71.                                          ^^H 

^^^^^^^^1                       phlycf  t^utilar  coiijunctiritta,  440. 

^^^H 

^^^^^^^m                      retioitift  pigmentOM,  439. 

^^^^1 

^^^^^^B»                       ftypbili^s 
^^^^^^^^^                          tubercHiloHs,  440. 

Base's  color-table.  342.                                       ^^^H 

^^^^H^               cutarnct  ii^  a  eAus<o  of  congenital  b1iiidne»!ii. 

Dangers  of  co}Qr-b]indne.sS|  326,                                ^^^| 

^^^H 

Park^ehewitE*a  fibres,  285.                                           ^^M 

^^^^H                 coloboma,  blind  »]iot  In,  201. 

Iiarorine,  action  of,  37.                                                ^^H 

^^^^H                cotorbliiKlnudi,  ridatioo   of,  to  huredity  ami 

Itfuentred  lena,  geometrical  centre  of  a,  151.           ^^M 

^^^H 

liefects  ^f  field  of  vision,  relation  of,  to  the  T«r-     ^^M 

^^^^P                                t^tntieticji  of,  325. 

tical  meridian,  209.                                                    ■ 

^^^^m                   conu»,  viifujinield  in,  217. 

of  peripheral  tone  of  visual  field,  varleU«           1 

^                         cupping  of  the  di.«k.  84, 

of.  209.                                                                          ■ 

^H                  Conjunct! vnl  dii^caj^ei^,  lateral  illumination  io,  55. 

of  vision  in  the  schools,  35S.                                    J 

^H                         BAG  of  the  healthy  eye,  micro-orgaaiBmB  of, 

of  visual  field  in  diseases  of  the  optic  tract,     ^^| 

^H 

^H 

^m                 Connectiro  tia^ues,  diiMMi^es  of,  a  caote  of  hlmd> 

groaps  of,  242.                                       ^^H 

^M                      nesfi,  452, 

relation  of  central  visual  aenteneas    ^^H 

^H                 Coniangnintty  a«  a  eaiiM  of  eoDgeniial  b]lQd> 

to.  in  diifcase  of  Ibe  optic  norra,    ^^H 

^M                   nmB,  441. 

^M 

^H                  Ocuftaot.^  of  a  pritim,  151. 

aimulation  of,  312.                               ^^H 

^^^^^^^^^^^^^^^ 
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^^^^H^     D«feot<^  of  vbual  fields  aimulatiott  of,  Wtlbraad'a 

Diaca^ei}  of  the  optic  tract,  defects  of  the  risual           ^^H 

^^^^H         atrlog  apparatus  in  detootloti  uf,  :i  13. 

field  In,  242.                                      ^H 

^^I^V     DeGnHlon  of  li  pri^in,  14L 

groups  of,  242.                                       ^^^| 

^g           DttmemiA,  visual  field  in,  2&9. 

hemianopsia  due  to,  28^.                           ^^H 
of  the  retina  and  chorioid,  nsual  field  in,          ^^H 

^H            Deuniftrk,  blindn^i  id,  425. 

^^1             Dennett  on  prUms  and  prii^iuometry,  14 L 
^H            Deijceadiug  atrophy  uf   the  optic  lttu:t,  risuiiJ 

^H 

Dtsinfeotantjf  luid  antiMptios,  4d8.                                  ^^H 

^H                         field  Id,  245. 

chemieal,  409.                                                             ^^^H 

^H                     ooriiu  of  the  lateral  yentnclci  297. 

Disk,  choked,  2{}0.                                                             ^H 

^H                    optie  R«uritifly  Ttsivtrl  fit^d  in,  248. 

visual  Q*>\d»  in,  231,  232,  233,  234.                    ^M 

^"                      viMuaJ  flbrow,  284. 

congenital  cupping  of  the,  84.                                ^^H 

DiT^k  aod  seat,  school  *  4  Of. 

optic,  85.                                                                      ^^H 

minus  distance  of,,  401. 

Disks,  Rekoss*B,  67,  70.                                                      ^^H 

of  Chuudler  Adjustabk  Chair  and  Desk  Com- 

DisfordereNi perception,  fooea  of,  274.                               ^^H 

pany.  40,L 

Distortion  of  »kull  in  anirometropia,  362,                       ^^H 

of  New  Ynrk    Hygienic  School   Furniture 

in  asti^maii^m,  362.                                           ^^H 

Company,  40^. 

Disturbiuioet,  functional  nervous,  visuial  Add  iQi          ^^H 

school,  hygit-nic,  RinithV,  403. 

^^1 

Single  Standard,  403. 

Divergent  strabismus,   binocular  field  of  vision           ^^^| 

Deake  of  schooUbuildings,  S84, 

^H 

DetncbtQL^nt  of  the  retina  a  cause  of  blindnuaa, 

Donders'a  pfeeudo-ieochroinatio  wooU,  343.                    ^^^| 

446. 

teet  for  oolor-sense,  343.                                           ^^^| 

Detection  of  anterior  polar  cataract,  SL 

Double  prism,  Maddox,  165.                                             ^^^H 

of    color-blindness,    W.    Thomioti    and    C. 

DresAinj^a,  preparation  of,  479.                                           ^^^H 

Wetland.  31a. 

Dry  hf^ni  in  nDti»ep»is,  472.                                              ^^^| 

of  corneal  kmeomata,  31. 

Duboi^iiine,  action  of,  37,  38.                                               ^^^H 

nf  imrlj  ctttaruft,  «0. 

Dyc^chromatHp^ia,  321.                                                        ^^^H 

of  foreign  bod  its!  in  anterior  chamber,  81. 

Dyveutery  a  cause  of  blindness,  452.                              ^^^| 

of  hypopyon,  HI* 

^^^1 

of  occluBion  of  the  pupil,  BL. 

^^1 

of  onyx,  8K 

of  opii*2itie»  of  anterior  chamber,  81, 

Edge  of  a  prism,  141.                                                        ^^^| 
Kdinger'?  nbros,  285.                                                          ^^H 

of  siynec'liiav  8U 

of  ulcure,  SL 

Efl>ect  of  refraction,  neeomniodatioD,  and  glosvet          ^^H 

of  vitreous  opacities,  SO.                                      ' 

un  aotuly  of  vision,  17.                                                  ^^H 

Dfitisruuiuiiitioii   of  ba:»e'A]iex    line  of   a   prism, 

Effects  of  the  reading  hnblt,  381.                                      ^^M 

15H. 

Etcphantiitriis,  temporal  hemianopsia  in,  277.                 ^^^| 
Embolism  of   the  central  artery  of  the  retina,          ^^H 

of  reactions  of  the  pupil,  81. 

of  refracting  angle  of  a  prism,  158, 

visual  field  in,  220,  221.                                                   ^H 

of  Aize  of  the  pupil,  Bl. 

Emerson's  modification  of  Soym*n  bar  arrange-           ^^H 

Deviations  in  exelu?itJii,  184. 

men!  of  rhomb- j<huped  pristnt,  164.                              ^^H 

through  a  prium,  141. 

Emmeiropia,  applicution  of  concave  mirror  in          ^^H 

Snell't*  law  of,  142. 

skiascopy  to,  105,                                            ^^H 

De  Weoker  on  antisepsis,  474, 

of  plane  mirror  In   skiasoopj  to,  101,          ^^H 

Dc  Weckor'^  cttrneal  microsctipe,  flO* 

^H 

test-types,  27. 

in  schools,  354.                                                             ^^H 

Diagrammatic  representation  of  corneal  astigma- 

Empirical ri>nnula  indicating  the  total  asiigma-           ^^M 

tism,  132,  13a,  134. 

ti^m,  124,  125,  126.                                                        ^H 

DigeKtive   j«ystem,  diseases   of  the,  a  cause  of 

England  and  Wales,  blindness  to,  422.                             ^^M 

blindnesti,  462, 

Enlarged  conui,  diagnosis  of,  from  opaqno  nerve-           ^^H 

Digitaline  aa  a  myotic,  46. 

fibres,  84.                                                                          ^H 

extract  of,  a*  a  myotic,  46. 

EntoKoa  in  the  ey«,  lateral  illumination  in  deteo-          ^^M 

Dipbtheritic  conlunclivitifl  a  caasc  of  blindness, 

tion  of,  53.                                                                   ^^1 

44<i. 

Entrance  examination  in  schocds,  neoMslty  for.           ^^H 

Diplc»coccus  lijonorrhtB®,  .'S28. 

Q- 1                                                                                                                 ^^^^1 

lanceolatu^  pneumoniie,  506, 

requirements  for,  372.                               ^^H 

pneumtmins  ^HiQ. 

Kphedrin,  action  of,  39.                                                   ^^H 

Diplopia,  binocular,  Ifif^. 

with  botu atropine,  action  of,  30.                              ^^H 

in  paralysitt  of  the  ocular  muscles,  general 

Kpkpn.*-I*onderR%  ophthalmoscope,  70.                            ^^H 

scheme  of,  188. 

Kpkens'a  opbthalino^copc,  08.                                            ^^^| 

induced,  in  helemphoria,  173. 

Hrysipelas  a  cause  of  blindneiis,  452,  457.                       ^^^| 

Direct  opbthalnifjeoopy,  78,  83. 

Atreptoeoecus  of,  466.                                                   ^^^^ 

Dirtsotion  of  light  in  schtxd^biiildings,  39«. 

B^eriue,  action  of,  45.                                                         ^^^| 

Diseaiflfl  of  the  chiajfim,  piirawiilral  scotoma  in. 

ill  efe<<ls  uf,  41^.                                                            ^^M 

26*5. 

sal  icy  hit  D  of,  45.                                                            ^^H 

tempral  hemianopsia  1d»  262,  26«. 

with  boric  acid,  45.                                                       ^^H 

vj^umI  hold  in,  2fi2. 

with  c^trrodive  sublimate,  45.                                    ^^H 

of  the  optic  nerve,  etiology  of,  334,  235, 

Exophoria,  ITl.                                                                   ^^H 

inner  retinaf  layers  in,  213. 

manife,^t.  174.                                                              ^^H 

outer  retinal  lay  era  in,  215. 

Sterenu's   pboromctcr  in  determining,  175,           ^^H 

papillti  in,  215/ 

^H 

relation  of  eenCral  visual  acntenesi 

Erotrnpia,  172,  1S3.                                                              ^^M 

to  defects  of  the  visual  field  in. 

Examination,  entrance,  in  schools,  necessity  for,           ^^H 

24(1. 

^H 

1                                           flymptoms  of,  215. 

requirt?uientJ<  fnr,  372.                                 ^^H 

irixual  dii^turbancea  in,  234,  235. 

of  eye  hy  litternl  illumination  under  patho-            ^^^| 

field  in,  234, 

logiful  cinidition*,  52,  53,  54,  55,          ^^^^^^^M 
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Examination  of  eyes  in   Philadelphia  schools, 
364. 
methods  pursued  in,  364. 

of  normal  eye  hy  lateral  illumination,  51,  52. 

of  paralyses  of  the  ocular  muscles,  187. 

of  specUcle  lenses,  152,  153,  154,  155,  156. 

of  sphero-prism,  158. 
Examining  the  eye,  methods  of,  79. 
Exclusion,  deviations  in,  184. 
Exophoria,  171. 

manifest,  175. 

Stevens's  phorometer  in  determining,  177. 
Exotropia,  172,  183. 
Experience  of  ophthalmic  surgeons  relatire  to 

tne  value  of  antisepsis,  473. 
Exposure  of  school  buildings,  396. 
External  capsule,  296. 
Extract  of  aconitine  as  a  myotic,  46. 
Extra-ocular  muscles,  balance  of  the,  167. 
Extra-papillary  colobomata,  visual  field  in,  216. 
Eye,  blindness  due  to  idiopathic  diseases  of  the, 
442. 

methods  of  examining  the,  79. 
Eyeball,  congenital   anomalies  and  hereditary 

predisposition  in  the  form  of  the,  362. 
Eye-disease,  influence  of  occupation  on,  36. 

F. 

Face,  light  area  of  the,  in  skiascopy,  92. 
Face-rest,  Kallmann's,  416. 
Fantoscopie  r6tinienne,  109. 
Fasciculus  longitudinalis  inferior,  284. 
Fatigue,  central  scotoma  of,  199. 
Fibres,  Bechterew's,  284. 
Bemheimer'»,  285. 
Bogrow'8,  284. 
Darkschcwits's,  285. 
Edinger's,  285. 
of  the  macula  lutea,  295. 
Perlia's,  285. 
visual,  a^sociatioD,  284. 
centrifugal,  284. 
centri])etal,  2S4. 
descenfling,  2S4. 
reflex.  284. 
von  Guddcn'si,  285. 
von  Monakow's,  285. 
Fick,  bacillus  of,  500. 
bacillus  d  of,  526. 
Field  of  regard,  169. 

of  vision,  binocular,  211. 
cribriform,  2U;i. 

effect  of  hypermetropia  on  the,  192. 
of  inyoi)ia  on  the,  192. 
of  width  of  pupil  on  the,  192. 
in  converj^cnt  strabismus,  212. 
in  diisenses  affecting  the  chiasm,  262. 
in  divergent  strabismus,  213. 
in  functional  nervous  disturbances,  307. 
in  monocular  squint,  213. 
Mariotte's  spot  in  the,  212. 
methods  of  obtaining  theal92. 
overshot,  265. 

portions  of  the,  279,  280,  281. 
relation  of  defecti»  of  the,  to  the  vertical 

meridian.  209. 
use  of  graduated  blackboard  to  deter- 
mine the,  191. 
of  the  hand  to  determine  the,  192. 
of  squares  of  paper  to  determine 

the,  192,  19:i. 
of  winking  reflex  to  determine  the, 
192. 
Finland,  blindness  in,  425. 
Flower-paper,  Heidelberg,  195,  205. 
Focal  illumination,  47. 


Foreign  bodies  in  the  anterior  chamber,  dela- 
tion of,  81. 
lateral  illumination  in  examining  for, 
52,  53. 
Form  of  light  area  in  the  pupil  in  skiascopy,  in 
hyperopia  and  myopia,  95. 
in  irregular  astigmatism,  98. 
in  regular  astigmatism,  95, 96. 
of   the    eyeball,    hereditary   predisposition 

and  congenital  anomalies  in  the,  362. 
-sense,  323. 
Formula,  empirical,  indicating  the  total  a<tig« 
matism,  124,  125,  126. 
for  the  value  of  vision,  14. 
FSrster's  perimeter,  194,  195. 
Fovea  centralis,  the,  87. 
France,  blindness  in,  424. 
Friedenwald,  Harry,  translator  of  Laqnenr'a  ar- 

Ucle,  47. 
Friedrdnder,  bacillus  pneumoniae  of^  518. 
Frobelius's  ophthalmoscope,  66. 
Frontal  division  of  the  visual  paths,  284. 
Fachs's  test-types,  28. 
Fanotional  nervous  disturbances,  visual  field  in, 

307. 
Fundus  in  homonymous  hemianopsia,  288. 

of  the  albino,  85. 
Furniture,  school,  397. 


Galezowski's  test-types,  27. 

Gayet's  corneal  microscope,  60. 

Gelseminine,  action  of,  39. 

General  disease  a  cause  of  blindness,  451. 

Geneva  Optical  Company's  goniometer,  157, 158, 

159. 
Geometrical  centre  of  a  decentred  lens,  151. 
German  Empire,  blindness  in  the,  425. 
Germicidal  power,  determination  of,  470. 

of  blood,  465. 
Glasses,  accommodation  and  refraction,  effect  of, 
on  acuity  of  vision,  17. 
prismatic,  measurement  of,  155. 
Glaucoma  a  cause  of  blindness,  446. 
action  of  myotics  in,  44. 
atropine  in,  36,  37. 

chorioiditic,  causing  hemeralopic  fields,  207. 
prodromal  abortive  attacks  of,  visual  field 

in,  229. 
simple,  visual  field  in,  229,  230,  231. 
Goniometer,    Geneva   Optical    Company's,   157, 

158,  159. 
Gould   on   the  ophthalmoscope  and   the  art  of 

ophthalmoscopy,  63. 
Graduated  blackboard,  use  of,  to  determine  the 

field  of  vision,  193. 
Granular  ophthalmia  a  cause  of  blindness,  445. 
Great  Britain,  blindness  in,  422. 
Green-blindness,  316,  319. 

uniocular,  319. 
Groenouw,  method  of,  in  determining  isopters, 

197. 
Guillery's  test-types,  25,  26. 
Gummatous  neuritis,  basal,  visual  field  in,  269. 
interstitial,  visual  field  in,  258. 

H. 

Halo  of  the  macula,  87. 

Hand,  use  of,  to  determine  the  field  of  vision,  192. 

Hartnack's  loupe,  57. 

Hawes's  ophthalmoscope,  74. 

Hays  on  olindness,  its   frequency,  caoaef,  and 

prevention,  419. 
Healthy   eye,   micro-organisms  of  om^iiiietival 

sac  of,  467,  468. 
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MortonV  ophthalmoicope,  73,  74.                                    ^^^H 
Movement  of  light  in  the  pupil  in  BkiaMKtpy,  ap-               V 

H. 

parent,  y3.                                                1 

MeFarland  and  Koeaas  on  Che  tuicro^orgaatBms 

rapidity  of,  ^3.                                     ^^M 

of  the  conjunctiva  and  lacrymal  sjio,  48U. 

on  the  retina,  ^0.                                                  ^^^| 

^^               Macropia  from  myoslB,  41. 

Multiple  <clero»i^,  tcmpral  hemianopsia  ioi  377.          ^^| 

^K              Macuk,  m,  87, 

visual  field  in,  20 B.                                             ^^M 

^M                     fihrefl  of  the,  295. 

Muscarine,  ai-tion  of,  46.                                                     ^^B 

^H                    faalu  of  the,  87. 

Moflcles,  eitra-ocular,  balance  of  the,  167.                      ^^H 

^H             Ifaoular  crois^wl  bundle  of  th«  optie  nerref  241. 

ooular  GxamiiiJitioo  of  paralysis  of  the,,  1S7.           ^^H 

^H                     IkMiculuB,  2m. 

Mydriaais,  action  of  myotics  in,  44.                                ^^B 

^H                      unoronod  bundle  of  the  optie  nerve,  241. 

Mydrinties  and  myoticD,   H^man  SneUen,   Jr.^                1 

^^P                                                dorsjAl  portion  of  the,  241. 

31.                                                                         M 

^^                                              ventral  portion  of  the,  241, 

inethoda  of  application  of.  31.                         ^^fl 

M*ddox  double  prism,  1*^5. 

use  of,  79.                                                                   ^H 

Magnus's  fcabk  of  ca«5«i,'«  of  biindacits,  433. 

Mydrin,  action  of,  39,                                                       ^^B 

Malachite  green  in  antiaepsiAy  472. 

Myojdn  a  cause  of  blindne»s,  459,                                          1 

Manifest  Oiinphor IE,  174. 

and  hyperopia,  form  of  light  area  in   the                 1 
pupil  in  skiascopy  in,  95.                                              1 

exophoria,  175. 

Mapi!  ia  siThool*,  4U9. 

application  of  ooneave  mirror  in  ekiaseopy                  ■ 

Martutte's  spot  in  binocular  fieUI  of  vieion,  200, 

to,  105.                                                               ^J 

212. 

of  plane  mirror  ia  skiascopy  to,  101,              ^^H 

in  congenital  mloboma,  20 J. 

decrease  of,  376,  37S.                                                 ^^B 

Matching  of  colors,  331, 

effect  of,  on  the  fietd  of  virion,  192.                                ■ 

Mauthner'fi  test,  34:i, 

high'griMic,  causing  bemcralopiu  fields,  207.                  1 

Meani  used  in  iHimbination  with  lateral  illumina- 

in fchooli,  354.                                                                   ■ 

tion  for  the  p^irpnue  of  magnifying,  57. 
MeR,Hle«i  a  cause  of  blindne**?,  4.il,  453,  45fl. 

results  of   optieal   correction  of  astbenopic                 I 

eyes  in  arre«<ting,  374.                                                 J 

MeiUiuremcnt  of  prisinatie  glasses,  155. 

significfincc  of,  358.                                                   ^^fl 

M«a«ureme[it^    to    dvtvrmine    arriingement    of 

Myotic,  areouline  as  a,  46.                                                 ^^^| 

•ehuol-de^ik  and  !*eat,  4UI. 

eeerinc  as  a,  45.                                                           ^^^| 

Mediii,  tr*n!*parency  of,  inftucnco  of,  on  tcuity 

extract  of  acouitine  a»  a,  46.                                    ^^^| 

of  virion,  17* 

of  digilaline  a«  a,  46,                                       ^^H 

MdiuMtited   ncrve-fibre*    in    tho   retina,   liiual 

morphine  as  a,  46.                                                     ^^^| 

field  in,  216. 

tiiu«carine  as  a,  46,                                                  ^^^| 

Meningitis  a  caum  of  bUndneu,  451. 

nicotine  a  a  a,  46.                                                       ^^^| 

nitrogen  protoxide  M  ft,  4fl.                                     ^^H 

Mercurial  poieoniaf  a  eauee  of  bltndne«i«,  458. 

pby!«o#tigroine  aa  a,  45.                                           ^^H 

Mercury  in   progroisivo   atrophy   of   the  optie 

pilocarpine  hs  a,  45,  46,                                             ^^H 

nerre,  24«. 

Myotics,  action  of,  40,  41,  42.  43,  U,                           ^H 

Meridian,  vertical,  reliitkn  of  defect*  of  field  of 

in  eorncal  ulcerv,  45.                                       ^^H 

viiion  to,  2011, 

in  glaucoma,  44.                                                 ^^^| 

Methoil   of  examining  by   lateral  illuJiiination, 

in  irregular  aetigmatlstn,  45.                           ^^H 

49,  5IL 

in  mydriasis,  44.                                                 ^^^| 

of  Groenouw  in  determining  inoptcr?,  197. 

mydrialicfi  and,  Herman  Snellen,  Jr.,  31.             ^^H 

^^^H      Methods  for  tlie  estimation  of  the  balance  of 

^^^H 

^^^^B~               the  c?(trii'uctil»r  mu^cleg,  167. 

^H 

^^^^H             of  detfirmining  the  acuity  of  virion,  Her« 

^^r                         man  Snellen,  11. 

Nachet  e««e  of  len»rf,  163.                                           ^^H 

^V                      of  examining  the  eye,  79. 

Nachet's  loupe,  57.                                                           ^^^| 

^^                       of  oblAininjr  the  field  of  vision,  192. 

Naming  of  color*,  330.                                                      ^^B 

Metre^angle  ("y-lem,  15W. 

Nasal  portion  nf  the  eye,  relation  of,  to  the  (em-.                J 
poraJ  portion,  209.                                                         ^^^B 

1                     Meyer,  E.,  on  antisepsiB,  474, 

H 
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^^^H          Near  vision j  tests  for,  2U. 

Ophthalmometer,  directioM  for  iieiiig  the,  119, 

^^^^H          N«ffttive  central  «cotomft,  1 98. 

11*0,  IL'l,  122. 

^^^^^^  Herve,  optic,  anatomj  of  the,  240, 

of   Helmholti,  112,  113,  114,  lU. 

^^^^^^^L                  irafiimiEiiiitions  of  the,  234,  335. 

of  Javal  and  Schiotz^  latodit  model,  117. 

^^^^^^^^B                  iutircur^  in  progresdive  atrophy  of  the, 

original  model,  11^,  11  A. 

^^^^^B 

of  Laurent,  llj. 

^^^^^^^B                relattoD  of  oentrsl  visual  aeuteneu  to 

puqujen-*  ond  o»c#  of  the.  111. 
Ophthulmoinetry  after  cataract  Of>«ratio(ni|  121, 

^^^^^^H                    defectfl  of  th«  visual  field  in  dieeaMa 

^^^^^H 

U'.'i. 

^^^^^^^P                 symptotiis  of  di£«aM9  of  the,  215. 

and  it^cHnioal  apptieations,  Adolphe  Jarati 

^^^^^^^                   viiiual  fielil  in  dtseasvt  affectiDg  the»  234. 

Jr..  111. 

^^^V          NerT«-fibre  path  in  I  he  optic  tract,  28 S^. 
^^^H          Nerve-flhre^i,    mt^ilullnted,  in  the  retioa,  viflual 

of  the  crystalline  lens,  l.*i8,  139* 

of  difTercot  parts  of  Ibe  anterior  «i}r&e»of 

^^H                     field  in. 

the  cornea,  129. 

^^^^^L                  opaque,  84. 

of  the  posterior  erurfaee  of  tbii  otnnea^  \%it 

135,  136,  i:i7. 

^^^^^^^m                  diaguo^ii  of,  from  alhuminuric  retiuiti^. 

^^^^^P 

practical  application*  of,  12rt.  127, 128, 129, 
Ophlhatmo)khakoiueter  of  TecberntDg,  1^4,  1S5. 

^^^^^^^r                          frt>m  entargcd  c{>iiut,  84. 

^^^^V                                from  posterior  atapbyloma,  84. 

Ophthalmo&icope,  the,  and  the  art  of  ophthalmot- 

^^^^B           Nen'e-head,  optic,  85. 

copy,  G.  M.  Gould,  63. 

^^^^B           Nervous  disturbaauea,  functional,  visual  Held  m. 

Cooeiua'*.  68. 

^^H 

^^^^B            Kcuriti!>,  axial,  vistjul  field  in,  2M. 

gla^iP,  bd. 

^^^^m                   ba«a1  gymtnatou^,  vi^uiil  field  in,  269. 

Epken.*'^,  68. 

^^^H                    hereditnry,  viKunl  ricid  in,  263,  2^0. 

Epkeni^I>«)nder»'8,  70. 

^^^^H                    iuterstitiiil  jiruinmatoui*,  visual  fidd  ia,  2bS. 

Fr«beUu«*«,  66. 

^^^^H                    optic^  du^c^ndiiig,  vi»uii1  licld  iu,  248. 

Hawiss's,  74. 

^^^^H            New  vund  teal,  ThuiuAun'^i,  H4t. 

Uelmholtx's,  65,  6A. 

^^^1           Nioati'a  to«t*type^,  2^,  2\f. 

history  of  the,  6;i.  64. 

^^^^B            NiGotino  as  a  mjoric,  46. 

LiebroichX  6i*,  70,  72. 

^^^^m           Niudi'ii'a  t(?i<t -types,  26, 

Loriog'#,  72,  73. 

^^^H           Nitroairopini;  iu  theprerentbu  of  alropinUm^sa. 

Meyerstein'n,  rtfi. 

^^^^B           Nitrogen  protoxide  n»  a  myutlUf  46. 

Morton'i,  73,  74, 

^^^^B           Normal  field  of  vi^ion^  ll't^. 

ph}'sitj*  of  the,  75,  76, 

R«kot>9'*,  67. 

^^^^B                                    eO'oet  of  strychntne  od,  1^6« 

^^^^^1           Noyei's  appanituf  for  latoral  illumiDntioUr  ^Vi, 

Rente's,  OH. 

^^^^^M                  bar  iirriingecoLcat  of   rhomb-«ibapud  prisms, 

Steilwag  von  Carion'f,  61>, 

^^H 

UlriobV,  66,  68,  69, 

^^^^^1                                          Emerfoa'e  modificatioaof,  154. 

O^hthaliDOi^mpic  image,  rerenml  of,  89. 

^^^^H            Nuci  on  unti^cp^iA.  474. 

Ophtbalmoificopy,  direot,  78. 
indirect,  78,  79. 

^^^^^          Nystagoiufl  u  «:auae  of  congenital  blindiiesB,  439. 

Oppenheimer>  table  of  cansea  of  blindats,  437. 

^^^^^^^m 

0[Ttic  tttn-jpby,  partiul,  2^S, 

^^^^^^P 

progmu'is  ot,  2:itf,  240. 

Btuiple  true,  vltiual  field  in,  2S5. 

^           Oblique  ilUiiDiniitiou,  47,  ^^0. 

centreH,  primary,  hemiaaup*iik  in  leilooi  of 

the,  2^1. 

^^^^B           Oeoipital  division  of  the  visual  patbi,  284, 

disk,  85. 

^^^^H            Occluition  uf  the  pupil,  detection  of,  81. 

fibre*  in  the  cerebr&l   b«mUpher«.  f^imal 

^^^^B           Oouupatiun,  influetii^e  of,  on  eye^iseai!e,  459* 

field  in  di»eafre«  affecting  the,  296. 

^^^H           Ooutar  ballottiimeol,  81). 

nerve,  anfttt>my  of  the,  240. 

^^^^B                   MU8«Ie«^,   examinution  of  pamlyiia  of  thOt 

crosded  bundle  of  the,  241.  242, 

^^^B 

idiopathiLi  atrophy   of  the,   a  cauie  of 

^^^H             Oil  of  turpentiDfl  in  antiaepsin,  472. 

bIindno.i3.  417. 

^^^B           Ole  Bull  on  antiaepsb,  474. 

mercury  in  progrieaive  almphy  of  the, 

^^^^B           OllTor's  teit  for  color-aenae,  S45, 

246. 

^^^f                  test-typee,  20. 

relation  of   central  vU»iU  acutenesi  to 

^^^^                    wool  t€ttt,  342. 

defects  <tf  the  vwual  field  in  dteeMM 

^H                     Onyx,  detection  of,  8L 

of  the.  210, 

^^                     Opiieitiea  in  the  antodor  chamber,  detectioD  of, 

iymptomp  of  diseases  of  >i^-   *»»  ^ 

81. 

niicroj»(*wl  bundle  of  tlj' 

pnrallartti:  m^tvenient  of,  81. 

visual  field  io diveasen  Hi                    ,  2)4. 

in  the  vitre<iiifl,  deloctiou  of,  80. 

in  inflammations  uf  the,  2^1, 

Opaque  niTve- fibres.  84. 

2:i5. 

Operation,  preparation  of  infttruinent*  forj  4S6. 

in  progreaiive  atrophy  of  tha, 
259. 

of  operator  for,  4'M. 

of  patient  for,  483. 

nerve-bond,  85, 

OperatiotLt.  uuBucceaBful.  a  cause  of  hlindnijM,  , 

neuritin,  descending,  vttual  field  in,  24S. 

456. 

papilla,  85, 

Ophthalmia  neonatorum  a  cause  of  bltndne^:^. 

KyToptomE  of  diieaacB  of  the,  215, 

442. 

tract,"  rleferi*  of  the  viiiual  field  in  dcaoeod- 

prevention  of,  443,  444. 

ing  atrophy  of  the,  245. 

J4tati»tic9  of,  442. 

defects  of  the  vbual  field  In  diaea^a  «f 

traumatic,  Fympathetic,  a  cause  of  blindnesi. 

the,  242, 

45W. 

groups  t»f,  242* 

Ophthalmometer,  artifiotal   astigmatic  cornea  in 

Optical  correct  ion  of  aitbenopio  ey«a,  nniltl  aC 

the,  119.                                                                 , 

in  arreating  myopia,  .174, 
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^^^^     Orthophoria,  172» 

Plane  of  »  pri^m^  141. 

^1 

^H^            Qrtboscc»{R\  ArltX  71. 

refracting  nurface,  passage  of  light  through 

^^H 

^H                    Cot^cLus'^  71. 

a,  143. 

^^^^M 

^H                    C£«9rmakX  71  • 

Point  of  regard,  US, 

^^^1 

^^L           Orcrshat  fii^Id  of  vision*  255. 

of  reversal,  Sim. 

^^^1 

^^^H           portion  of  the  v)«iml  f^i^ld,  279.  2S0,  2SL 

Points,  i^patinf,  "jf  the  ret  inn,  li!TO. 

Po<tltiy.  T.  It,,  trao^bt<ir<»f  Wilbrund's  article  on 

^^H 

^^^^H 

^^H 

^^^ 

perimetry  aud  il*  iiUnit-ftl  value,  18W. 
Puree  lain  tlate  in  *cho<d«,  4  OH. 

^M 

^H*            F'snEiA  on  ADtitcpiii,  474,  475^ 

Position  aasnmed  In  writing,  414. 

^^H 

^H             pA|ier  BtjUtircflT  ui«  of,  tO'  diuttjriiiiae  the  fifi^Ld  of 

I'ft^itive  central  spotoiiia,  198. 

^^H 

^H                 viaion.  I  US,  ]i<3. 

Posterior  longitudinal  bundle,  2S4. 

^^H 

^H             PapillA^  optio,  B5. 

itaphyloma,  diagnosia  of,  from  opaque  netr^ 
abret,  S4. 

^^H 

^^B                            ejinptoma  of  diieaeei  of  the,  215. 

^^^M 

^M            PapillittJ,  vLMunl  field  m,  2.11,  232,  2Ai,  234. 

snrfaoe  of  the  cornea,  ophthalmonielry  of. 

^^H 

^H            Paracentral  .fcotooia.  iVn?,  10^. 

134,  135,  136,  137. 

^^^1 

^m                            biliiteniK  W,K 

Power  of  convergenfle,  182. 

^^H 

^^M            PamUii<!tie    movement  of  opacities   in  anterior 

Practical  application  of  coneave  mirror  in  ski&i- 

^^H 

^H                obHwbvr,  SL 

tiopy,  103, 

^^H 

^H            PariillAX  tc«t  for  heterotropin,  184. 

to  aberration,  106. 

^^H 

^H             ParaljAifl  of  the  ocular  inuitdos,  diiLgnosLa  of,  187. 

to  emmctropia,  105. 

^^^M 

^H                    «xauim&tion  of,  187» 

to  hyperopia,  104. 

^^H 

^*                     general  acheino  of  diplopia  in,  ISS, 

Piir«tic  deuienttii.  a  catisa  of  blindiieM,  452, 

to  irregular  astigmatiam,  106. 

^^H 

to  myopia.  I(li5. 

to  regular  astigmatism,  105. 

^^^1 

ParietrtJ  lobe,  the,  207. 

^^H 

Partial  optio  atrophy,  2aS, 

of  ophthalmometrv,  126,  127,  128,  120, 

^^H 

Pathogonio  hacteria  which  do  not  form  eporeti 

of  skiascopy,  t»t,  90. 

^^H 

461). 

to  emmctropia,  101,  102, 

^^^1 

Piths  of  nerve-fihrei  In  the  chiMuif  262. 

to  hyperopia,  09,  llJO,  l*)l. 

^^H 

Pereiptioo,  clear-sight,  IlflO, 

to  irregular  astigmaliim,  103. 

^^H 

deadened,  loses  of,  274. 

to  myopia,  in  I. 

to  regular  aatigmattsm,  102. 

^^^H 

Perforating  wounds  of  the  sclerotic  Hud  cborioid, 

^^^1 

Tiiaal  field  in,  221,  222. 

Pregnancy  a  came  of  hlimluess,  4i^7. 

^^H 

Prcntice'3  primnomelcr,  155, 

^^H 

Perimi  ter,  bed-,  Wllbrand'i,  210. 

Preparation  of  dre«>*ingfl,  4*9, 

^^H 

Foreter'B,  l^i,  ltf5. 

Andrewa's  portable  «teri1iier  for,  497. 

^^H 

teiC  uf  peripheml  %iiUU  of  color,  34S. 

Kny'fi  ca*e  for  surgical  dressings,  483. 

^^H 

Perimetry  and  it*  cUnieaJ  value,  H.  Wil brand, 

steri  liter  for,  481 . 

^^^1 

trnnj*kted  by  T.  R.  Pooley,  18^, 

water- ftteri listing  tankfi,  482, 

^^H 

in  heine miopia,  2U6» 

Koch's  steam-boiler  in,  479. 

^^H 

»yin|«tomtitic,  2h7. 

Laudenschliiger'i^  appftratun  for,  486. 

^^^H 

Periottitis,  tumpMral  heniiamop*ia  in,  277. 

8ohimmelhu!K?h'8i  apparatus  for,  48(>, 

^^H 

Peripapillary  choriij-retiniti*^  2mi, 

steam  in,  479. 

^^^H 

'                    Peripheral  ztooe,  2t>a. 

Prevention  of  atropiniiim,  .16. 

^^H 

of  vhaai  field,  varieties  of  defects  of, 

bt>ric  acid  in,  'i6. 

^^H 

2oy. 

nitrf^-atropine  in.  36. 

^^H 

1                   Perlia'f  Bhrei,  285, 

salicylate  of  atropine  in,  36. 

^^1 

^H             Perpendicular  illuuiinatioo,  4S, 

of  blindne*s,  460, 

^^H 

^^1             Perj'if^tcnce  of  the  hyaloid  artery,  S5» 

p<waibilitiea  of,  460,  4fil. 

^^H 

^H                    of  the  pupillary  iueiiibran«  a  cause  of  0OD< 
^H                         genital  blindnesa,  43». 

Priestley  Smith  on  onli.icpj^is,  473,  471. 

^^^H 

Priestley  Smith's  apparatus  for  lateml  illumlntt- 

^^H 

^f            PHUger'i  tej(t*tjpG:4,  26, 

tion,  5». 

^^^1 

^^             Phagfwy Ionia,  theory  ijf,  4«5. 

Primary  optic  centres,  hemianoiisia  in  lesions  of 

^^^1 

Pbiladelphia  *cboola,  conus  in,  SflS. 

the,  2i>4; 

^^H 

emmctropia  in^  37ft. 

Principal  piano  of  a  prism,  141. 

^^^H 

examioation?  in,  .Hl54, 

section  of  a  pri*m,  141. 

^^^^1 

hypennetro]da  in,  370, 

Principles  of  and  the  methods  for  the  eatimation 

^^H 

hypermetropic  ai^tigmatii^m  in,  370, 

of  the  balance  of  the  extra-ocular  muscloSf 

^^H 

mixed  ftntigmatism  in,  370. 

a.  T,  Btoven*.  167. 

^^H 

myopia  in,  366,  ^7U. 

of  correct  and  faulty  sitting,  398, 

.  ^^^1 

myopic  iL«tigiiiatism  in,  370. 

of  lateral  illuminationt  47,  4:^. 

^^^H 

Phlyctenular  conjuiictivitij?  a  eauac  of  congenital 

of  rever«ihility,  144,  146. 

^^^1 

blindne**,  44l). 

Prism,  apex  of  a.  111. 

^^^^H 

Phonometer,  Steveni'i,  165,  17ft. 

haae-apex  line  of  a,  141. 

^^^1 

Pbyjiiological  point  of  virion,  197. 

constant*  of  a,  151. 

^^H 

PhyioPligmine,  ix 

definition  of  a,  141. 

^^H 

Pilocarjiine,  action  of,  45. 

determiTiatioD  of  a,  1  &8. 

^^^1 

in  ill  eflfecta  of  atropine,  3ft. 

deviation  through  a,  141. 

^^^1 

Plane  and  concave  mirrorv  in  »kiaac<fpy,  relative 

^diopter,  149. 

^^^1 

advantage*  of,  106,  I  b7. 

:?y!*tem,  150. 

^^^1 

mirror  in  «kia»copv,  practical   applieation 

double,  Mn4idt>x,  166. 

^^H 

of,  tfO. 

edge  of  a.  1 41. 

i^^^l 

to  emmetropia,  101,  102. 

plane  of  a,  141. 

^^^1 

to  hyperopia,  m,  100,  10  U 

principal  plane  of  a,  141. 

^^^1 

^H                                           to  irregular  aetfigmatij^m,  165. 

sectirm  of  a,  141, 

^^^1 

^^B                                               to  myopia^  101. 

^H                                         to  regular  a«tigniatiam,  lt>2. 

refracting  angle  of  a,  141, 

^^^1 

determination  of,  153. 
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^^H             Priflm,  Wollflfrton.  T6f>. 

Relapiing  fever  a  caufte  of  bUndnea*,  U^ 

^^^^H             Priimatic  color-phenomcDA^  14$, 

iyphilititi  retinitia,  central,  tbiial  fiatd  io, 
220. 

^^^^H                      glBS&ee«  mesidireiiieiit  uf,  155. 

^^^H             Prisme  mobyc,  Cret^,  M^A. 

Rfilati<m  of  age  Ut  hliadnett,  4X& 

^^^^H                                      J»iik8on\^,  IA,>. 

of  oentml  vipua)  ticotenea*  to  tbtdefaettof 

^^^B 

the  vitfual  field  in  diwateior  IheofitM 

^^^^^1              PrriKtnomt'tcr,  Prt^nticvV,  155. 

nerrea.  240. 

^^^^^^^      PriPDis  Rud  pwtnumclry,  W.  S.  DenaetC,  14L 

in  temporal  bemUoon«ia»  27^ 
of  climate  to  blindneat.  4^6. 

^^^^^^K             HerMbel  com bi nations  of,  164. 

^^^^^^^1             Noyes's  arranffement  of  rbomb>Sih»ped,  1A3. 

Zeune*  law  of.  427. 

^^^^H 

of  color- limit*,  205,  206. 

^^^^^^^1                                   Euiere^ou'ii  mtxl if) cation  of,  1<(4. 

of  colons  to  white,  206. 

^^^^^^^1             Nofea'a  stereoscope  for  ftquarcj  1 64. 

erf  defect*  of  field  of  vi:aioD  to  vertical  «»- 

^                   Icmporary,  181. 

ridian^  209. 

^^^^B             Prodmmal  abortive  attacks  of  glaucoma,  tIsiulI 

of  nam]  to  temporal  portion  of  eye,  2l*1>. 

^^H                 field 

of  «ex  to  b1indne«»,  420. 

^^^^^V              Vwgnwin  of  iHTQiple  true  optie  atmpbj^  2^9. 
^^^^H             Progressive  fttropby  of   tbe  optio    nervei,  mer- 

Relative  udv&ntage^  of  tbe   plane  and  co«Mvt 

mirror?'  in  skiaj^copy,  106,  107, 

^^^^B                                               cury  in^  2i0. 

central  scotoma,  lOS, 

^^H                                            Tiftunl  flcid  in,  350. 

RepreseDtation,  ditigrvnmatic,  of  eomeal  avtig- 

^^^^H              Proieu?  vul^Ariit, 

matiim,  1^2,  t:i3,  1X4. 

^^^^H               Pj!>eui]o-iMochronMtt]c  ivr»o]?.,  D^oden'Sj  S48* 

Results  of  the  optical  correction  of  aslbeooipie 

^^^^H              Pi4yuhii<al  volor-bliiidne^^',  IVIi, 

eye*  in  arresting  myopia,  374. 

^^^^1             Puliation,  pbytiologic,  of  the  veins  of  the  reUna, 

Retina  and  cborioid,  iriiual  Held  in  dlnaiei  of 

^^H 

the.  214. 

^^^H              Pulvin^r^  3.H  296. 

central  artery  of  the,  SO. 

^^^^H             Pupil,  ap])nrent  movement  of  Itgbt  in»  in  i^kia^- 

veinis  of*  the,  !*6, 

^^^^^^^■1              detection  of  oeclu«iion  of,  SI, 

putttution  uf,  80. 
cortical*  2tO. 

^^^^^^^K             deterutitiatiim  of  6Ue  of,  8t« 

detachment  of,  a  eaiue  of  hUQdnew,  444, 

^^^^^^^h            effect  of  widtb  oC  on  the  BeM  of  vi*tion,  192, 

in  ^cboola,  360. 

^^^^^^^H           light  Rrca  in^  in  e^kiiuwpy,  form  of,  in  hy- 

medullated  uerre-fibrea  in  riaQ&l  IMd  latbc, 

^^^^^^^^H                peropia  ami  loyopta,  ok 

216. 

^^^^^^^m           rapidity  of  movement  of  light  in^  in  skiaa- 

movement  of  light  on  thci  INI. 

^^^^^^^              site  of,  determination  of,  8L 

spatial  point  of  the,  16». 

visiin}  field  in  embolbm  of  the  eentrml  art«^ 

^^^^H              Pupillary  membmne,  per»iflti»iio«  of  a  course  of    1 

of  the,  220,221. 

^^^^B                eoagenital  blin«lne«9,  43D. 

Retinal  eotobomata,  216. 

^^^H              PupUloKopie,  109. 

visual  field  in,  216. 

^^^^B             Purpoiei»  RDd  mm>  of  the  ophthalmometer^  111, 
^^^^H              PyoVtania  in  antiiepeisi  472. 

bemorrbage,  visual  field  in.  Hip  2U. 

image,  the,  11. 

lay  era,  inner,  symptomA  of  diseases  of,  111 

outer,  symptoms  of  dueaM»  o^  215. 

^^^K 

light  area  in  skia.^'copy,  »2. 

tutnori,  lateral  illamiDatiott  in^  55, 

^            Quantities  of  te^t^objeett,  Kl. 

Rfttinitii,  albuminuric,  visual  field  in,  31 S,  2U, 

^^^H             Quantity  of  light  in  «eboo1-buildiiig«,  3S6* 

220. 

pigmentosa  a  catise  of  oongeoital  blindntsA, 
43«. 
visual  field  in,  226,  227. 

^^H 

visuB  retierolatuf  in,  XS8. 

^^^^H             Rapidity  of  movomeat  of  light  in  the  pupil  in 

^^^H                 akiu«cDpy,  Q^. 

^^^^H              Hare  appfieAtion^  of  lateral  illuminiition,  55. 

proliferan8,  visual  field  In,  2S0. 

typhilitie,  central  relapiing,  Tianal  field  ia, 

220. 

^^^^H              Reactions  of  the  pnpil,  determination  of,  81. 
^^^^B              Reading  habit,  eftect«  of  the,  381. 

Retino-ohorioiditis,  iryraptoms  of,  215. 

Retlno-papillitii,  visual  field  in,  231,  233,  333, 

^^^m               Hed-blindne^ff,  316,  aiM. 

2^4. 

^^^H               Red  -  gr  een  bl  i  I]  dn  efl»,  3 1  tl . 

Rfiiuoscopte,  10^. 

^^^H              Bed u ted  eolo r-?ens e,  8 1 7 ,  .H2 1 . 

RetinoBoopy,  skiascopy  ^the  ehadow~lc«t  f,  and  its 

^^^^V              Ke-vKaminatiou  fmr  color-bUndlQeas,  35^2. 

practical  application,  Edward  Jackson,  S^. 
Retrobulbar  dleiease,  visual  field  ia,  240. 

^P                      Reflex  visual  fibres,  284. 

^P                              winking,  u»c  of»  to  determine  th«  field  of 

ReuiNf'fl  color-tablt^,  34S. 

vision,  1»2. 

RiHite's  ophthalmoicope,  68. 

Refracting  angle  of  a  prl^m,  141. 

ReveriMil  of  tbe  opbthalmosooplo  ilD*|^  69. 

determinalioa  of  the,  158. 

point  of,  90. 

■jstem,  Ibti: 

Reversibility,  the  principle  o(.  144,  146. 

1                                   snrhkotf  plane,  paaaago  of  light  through  a, 

Review  of  difTerent  tes(t- types,  23. 

^^H 

Right  hyperftsopboria,  172. 

^^^^P             Refraction,  accommodation,  and  glaiuifla,  efleet 

byperexopboria,  172. 

^^^^B^                  of,^  on  acuity  of  vision,  17. 

hyperfiihoTia,  172. 

^F                       Regard,  field  of,  160. 

hypertropia,  172.  183^ 

^f                               point  of^  1 6S. 

AurKiimduction,  170. 

Regular   aatigmatiom,  applic»tion    of    eonoare 

Ring,  chorioidal,  86. 

mirror  in  j*kiaPeopy  to,  Wb. 

aoleral,  66.                                                             1 

plane  mirror  in  ^kiajBcopy  to,  103, 

scotoma,  201,  202,  203.                                        1 

Rekow'g  diskn,  67*  70. 

dcinonPtpatii>a  of,  207. 

Risler's  prisntie  mobile,  164.                                              , 
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V^OLUME    11.                     ^^^^           65S          ^H 

^^^^H     KUloy  on  j>chr>ol  hygleae^  35'). 

Scotonm,  temp€)ral  bemanop»io,  199.                              ^^H 

^^^H     Rod  t«ct  for  heteni|ibiiri&,  177. 

Scrofula  a  cnmc^  of  blindness,  458.                                    ^^^H 

^^^H    BuMiL,  blindjiti«ifl  iu,  426. 

Seat  of  ctdor-blindnea^,  226.                                                ^^H 

Seat-bonea  line,  39^.                                                            ^^M 

^^^P 

Senile  eyeii  causing  homeralopio  tielda,  207.                     ^^H 

Sequenci.-  of  teztt-^ibjiectd.  16,                                             ^^^H 

^H             Saemiich'':^  binociiliLr  loupe,.  58. 

Sex,  relation  <d,  to  blitiduc^A,  42U.                                     ^^H 

^B             Salicyjatt*  of  atrojuno  in  the  prevention  of  atro- 

Sexual  organic.  dtKea^seH  of,  ii  eauae  of  blindooii,          ^^H 

^H                       plniftm,  36, 

^^M 

^^L                  of  eserine,  45. 

S  b  ado  w- teat,  109.                                                              ^^^H 

^^^^H     8»1icjlic  acid  in  antli«pai:(,  472, 

(^kiariiH^py,  retinoseopy),  und    its  praetical           ^^^| 

^^H    S«roiiia&lbA,631. 

Hp]iJicHti<iti,  Edward  Jackson,  ISO.                           ^^^| 

^^^^^m     ^oarlatina  a  cause  of  blindnef^:*,  4,'JL 

.Sbut'i^ilk  idienomenon  inebildrL'U,  ^7.                               ^^H 
i^ignaU,  chnnge  of  tbe  cu\on  of,  328.                                ^^H 

^^P            Scarlet  fever  a  cau.-ie  of  btindne^,  iys,  450. 

^^m            Sebenkc'n  yarn -en  v<3  red  spool*,  343. 

i^ignificance  of  myopia,  358.                                               ^^^H 

^H             Schiniiinjlhusi'h*!!  sterili/ur,  4 SO. 

Simple  glaucoma,  vi^uul  lield  in.  220,  230,  231.              ^^M 

^H             Schmidt- RiiiipJer  on  atilii4q>»i»»  475. 

true  optie  alropby,  vi^iual  tield  m.  235.                     ^^^| 

^H             ScbuoUbliickbiiardii,  4U7,  408. 

Simulalion  of  dcftx-'tJ^  in  tbe  visual  field,  312.                  ^^^H 

^m                    -buoka,  407. 

Wilbrand'i!  string  apparatus  for  de^           ^^^| 

^H                            lending  of  ty}ie  in,  41 L 

teetion  of,  313.                                              ^^^| 

^H                              Icn^lb  of  lines  in,  4  J  4. 

Slmultaneouif  <>(intni:it'ti>t,  Stilling'^!,  346.                      ^^H 

^^1                              ^iz.u  and  furm  of  Mterd  in,  410. 

Single  standard  i|«.<k  and  :^cat,  403.                                   ^^H 

^^^                           tyya  in,  410. 

Sitting,  principlc.4  uf  eurrect  and  faulty,  398.                  ^^H 

-buildings,  ftrehite(.*tur<j  of,  riS2. 

Sire  and  form  of  letters  in  »cbool-booka,  410,                  ^^H 

artiflinul  illumination  iOt  >^9^« 

Skiascopy,  apimrutus  fi^r,  108,                                          ^^^H 

dm  A  true!  ion  of|  383. 

appHrcnt  movement  of  light  in  the  pupil  in,          ^^H 

Je^kM  of,  384. 

^^1 

dirfxitmn  of  ligbi  in^  3U0. 

appearance  of  Light  area  in  aberration  in,  97<           ^^H 

expuHurc  of,  3Wfl. 
lightiijf?  of,  :iS5. 

bc'^t  arrangement  of  light  in,  94.                              ^^H 

form  of  light  area  in  irregular  astigmatiam           ^^^| 

locAiion  of,  3H2. 

^H 

quiintity  of  lij^bt  in,  3S5. 

in    the    pupil    in    hyperopia   and           ^^H 

.de^k  and  smt,  400. 

myopia  in,  95.                                            ^^^| 

minu!»  distance  of,  4f  U 

in  regular  a:itigmati.^m  in,  95,  96,^             ^^^H 

bygienti:!.  Smithy  403.                                 | 

bij^tory  and  name  of,  lU)^,  10t^                                   ^^H 

-furniturij,  397. 

immediate  source  of  light  in,  92.                              ^^^H 

hygioni!,  S.  K.  Risley,  353* 

light  area  of  the  faoe  in,  92.                                     ^^H 

'                             -inatN*,  407,  409. 

near-point  of  Hemimmodation  in,  103.                     ^^H 

-rootn^  hygiene  of  the,  370. 

original  i^ourcc  uf  tight  in,  92.                                   ^^M 

«work  requ'irMl  at  homBf  380. 

practi(MLl  appficiition  of,  \i\,  99.                                 ^^H 

BebooUt^  catArnet  in^  3fiO. 

concave  mirror  in,  103.                                ^^H 

'                            dofect«t  of  vision  in,  36!t. 

to  aberration,  10!^.                               ^^^| 

deUchiu&'nt  of  the  retica  in,  360. 

to  ammetrapla,  105.                             ^^^| 
tohjperopiAr  104.                              ^^H 

di^cajiea  of  tbe  vitreous  in^  360, 

einmutropia  in,  3.^i4. 

lo  irregular  nstigmatiBm,  106.           ^^H 

keri»lit4iry    pre^lisiiosition    and     ponjyrenital 

to  myopia,  105.                                     ^^H 
to  regular  aattgmatiHm,  105,               ^^H 

,                                anoinalicii  in  tbts  furm  of  the  eveball  in, 

361*. 

plane  mirror  in,  99,                                     ^^H 

hypeniietro|dA  in,  354. 

to  emmctrfipia,  101,  102.                      ^^H 

Iniamujalion  iif  tbe  cboHoid  in,  360. 

to  hyperopia,  99,  100,  101,                 ^^M 

kind  of  script  uiied  in,  414,  415.                         ' 

to  irregular  as Ligmati em,  103.           ^^^| 

modified  curriculum  iu,  37», 

to  myopia,  tOI,                                    ^^^| 

myopia  in,  354. 

to  regular  astigmatism,  102,               ^^H 

DOoeMity  for  en trnnw  examination  in,  371. 

rapid  it  V  of  movement  of  light  in  Lbe  pupil           ^^H 

^^                     term  uxaminution.^  in,  332. 

^H            Sebweigger  on  anti^ep^t?,  474. 

retinal  light  area  in,  92.                                             ^^M 

^H             Sebweigger'K  tiavt-typuK,  23. 

source  of  light  in,  immediate,  92,  103.                    ^^H 

^H             Scleral  ring;  SA. 

originiil,  92,  1113.                                           ^H 

^P             gelero-chorioiditi^,  vii<nal  idd  in,  228. 

(tbe  8bndow-ti>^t,  retinos^eopy)  and  its  nrao-          ^^H 
tical  application,  Edward  Jackson,  89.                ^^H 

^■^             Solerotiu  and  chorioid,  visual  field  in  i>erfornting 

wounJ^  of  tbe,  221,  222. 

uses  to  be  ma^ie  of,  1 07.                                               ^^H 

Sco^KJlaminB,  notion  of,  38, 

Small-pox  a  oause  of  bllndnese,  453,  4M.                       ^^H 

Scutlaad,  blii]dne!*i*  in,  423. 

Smee'ft  te«t-typee,  23.                                                         ^^^| 

Scotoma,  centml.  1D7. 

Stiakc'-bito  acaune  of  bItndno9«,  459.                             ^^^| 

abBolnte,  1U7,  198. 

t>aellen,  Herman,  on  the  metbo«i»  of  determining           ^^H 

indii*tinet,  198. 

the  }ieuity  of  vtaian,  11.                                                   ^^H 

negative,  198, 

Snellen,  Herman,  Jr.,  on  mydriatics  and  myoticii,           ^^H 

of  fiitigoe,  199. 

^H 

pos»itive,  IftH. 

Snellen'i  tei»t-letteri  tn  determining  ifoptera,  197.           ^^H 

reliitive,  198. 

test-types,  23,  24.                                                         ^H 

boinonyniouB  betuianop^ic,  199. 

Sneir^  bivr  uf  deviation,  142.                                           ^H 

insular,  203. 

Sotiree  of  light  in  skiascopy,  immediate,  92,  103,          ^^M 

pnraoentrnl,  1 9R.  199. 

original,  92,  103.                                          ^H 

bihitprul,  lyw. 

Spatial  points  of  tbe  retina.  1 69.                                      ^^M 

^                        perieentraU  I9H. 

Special  devieefl  for  tbe  cure  of  weak  eyo«,  416,              ^^H 

K                   ring,  201,202,  203. 

Spc<etaele  lc[t!<ei,  exam ina! ion  of,  152,  153,  154p           ^^H 
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Spectral  color- test,  346. 
Sphero-pri§iiiy  ezamination  of,  158. 
Spinal  cord,  dit»ea«e8  of,  a  cause  of  blindness, 
451. 
nerve  affections,  visual  field  in,  259. 
Spools,  yarn-covered,  Schenke's,  343. 
Spore- bearing  bacteria  which  excite  wound-in- 
fection, 40V. 
Spores,  pathogenic  bacteria  which  do  not  form, 

469. 
Spot,  blind,  200. 

in  congenital  ooloboma,  201. 
Mariotte's,  200. 

in  congenital  coloboma,  201. 
Squares  of  paper,  use  of;  to  determine  the  field 

of  vision,  192,  193. 
Squint,  concomitant,  172. 

monocular,    binocular   field    of   vision    in, 
213. 
Staphylococcus  cereus  albus,  466,  531. 
flavus,  464. 
epidermidis  albus,  467,  532. 
pyogenes  albus,  464,  467,  469,  532. 
aureus,  464,  466,  467,  469,  531. 
citreus,  464,  469,  533. 
Staphyloma  of  the  cornea,  lateral  illumination 

in,  55. 
Statistics  of  congenital  color-blindness,  325. 
Steam  in  the  preparation  of  dressings,  479. 
Steiger's  test-types,  27. 
Steinheil's  loupe,  57. 

Stellwag  von  Carion's  ophthalmoscope,  69. 
Stenopnic  lens,  Stevens  s,  177,  178. 
Stereoscope,  Noyes's,  for  square  prisms,  1 64. 
Stevens  on  the  principles  of  and  the  methods  for 
the  estimation  of  the  balance  of  the  extra- 
ocular muscles,  167. 
Stevens's  phorometer,  165,  176. 

in  determining  esophoria,  177. 
exophoria,  177. 
hyperphoria,  177. 
stenopseic  lens,  177,  178. 
Stilling's  simultaneous  contrast  test,  346. 
Stokes's  lens,  164. 
Strabismus,  171. 

alternating,  173. 

convergent,  binocular  field  of  vision  in,  212. 
divergent,  binocular  field  of  vision  in,  213. 
Strnub's  test-types,  28. 
Stre]>tococcus  of  erysipelas,  466. 

pyogenes,  4fi6,*469,  533. 
Striedingen's  test-tyjies,  24. 
J^trvchnine,  effect  of,  on  normal  field  of  vision, 

196. 
Sulphuric  acid  in  antisepsis,  472. 
Sursumduction,  179,  180. 
left,  179. 
right,  179. 
Swe<lcn,  blindne.«8  in,  425. 
Sympathetic  ophthalmia,  traumatic,  a  cause  of 

blindness,  450. 
Symptoiuatic  hemeralopia,  perimetry  in,  207. 
Symptoms  of  diseases  of  the  inner  retinal  lay- 
ers, 215. 
of  the  optic  nerve,  215. 
of  the  outer  retinal  layers,  215. 
of  the  pa]>illa,  21  j. 
of  retino-chorioiditis,  215. 
SynechisB,  detection  of,  81. 

lateral  illumination  in,  53,  54. 
Syphilis  a  cause  of  blindness,  457. 

a  cause  of  congenital  blindness,  440. 
central  and  spinal,  visual  field  in  diseases  of 

the  optic  nerve  common  in,  259,  260. 
temporal  hemianopsia  in,  277. 
Syphilitic  retinitis,  central  relapsing,  visual  field 
in,  220. 


T. 

Tabee  dorsalis  a  cause  of  blindnessy  452. 

visual  field  in,  257,  259. 
Tapetum  lucidum,  the,  63. 
Temporal  gyrus,  second,  296. 

nemianopsia  in  aneurisms,  277. 

in  diseases  of  the  chiasm,  262,  266. 
in  elephantiasis,  277. 
in  hemorrhages  into  the  chiasm,  277. 
in  hydrocephalus,  277. 
in  multiple  soleroeis,  277. 
in  periostitis,  277. 
in  syphilis,  277. 
in  trauma,  277. 
in  tubercle,  277. 
in  tumors,  277. 

relation  of  central  visual  aeuteneis  in, 
275. 
hemianopsic  scotoma,  199. 
lobes,  left,  297. 

to  nasal  portion  of  eye,  relation  of,  209. 
sulcus,  second,  296. 
Temporary  prisms,  181. 
Ten-point  type  in  school-books,  410. 
Term  examinations  in  schools,  382. 
Test  disks,  Jeaffreson's,  342. 

for  central  oolor-sootoma,  348. 
for  color-sense.  Carter's,  345. 
Donders's,  343. 
Oliver's,  345. 
lantern,  Holmgren's,  343. 

Welsh's,  343. 
-letters  of  Snellen  in  determining  isopters, 

197. 
new  wool,  Thomson's,  341. 
-objects,  quantities  of,  13. 

sequence  of,  16. 
parallax,  for  heterotropia,  184. 
spectral  color,  346. 
•types,  Albrand's,  26. 
Boettcher's,  24. 
Burchardt's,  24,  25. 
Cohn's,  26. 
de  Wecker's,  27. 
Fuchs'fl,  28. 
Galezowski's,  27. 
Guillery's,  26,  26. 
Jaeger's,  28. 
Kuchler's,  23. 
Lotz's,  27. 
Nicati's.  28.  29. 
Nieden's,  26. 
Oliver's,  26. 
PfiUgor's,  26. 
review  of  different,  2.3. 
Schweigger's,  23. 
Smee's,  23. 
Snellen's,  23,  24. 
Steiger's,  27. 
Straub's,  28. 
Striedingen's,  24. 
von  Carion's,  23. 
Weiss's,  27. 
Wolffberg's,  27. 
wool,  Holmgren's,  331, 
Oliver's,  342. 
Tests  for  color-blindness,  330. 

for  near  vision,  20. 
Thomson   and    Wei  land   on  detection  of  color- 
blindness, 315. 
Thomson's  color-stick,  336. 

new  wool  test,  341. 
Tobacco  amblyopia,  visual  field  in,  260. 
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